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Next Month 


Water supply and water 
treating are always problems 
that present themselves in and 
around oil fields and natural 
gasoline plants, so details, by 
a chemical engineer who has 
devoted much study to the 
subject, of a specific installa- 
tion in a West Texas field 
where the water problem is 
particularly acute, should prove 
of interest. 





Several articles on various 
phases of natural gasoline 
operation and control will be 
features of the May issue. 

The East Texas field is now 
entering an active period of 
construction pertaining to pro- 
ducing wells that promises to 
be of widespread interest to 
operating men. An article for 
our May issue on important 
phases of the subject has been 
prepared by an engineer who 
has been in close active touch 
with most of the construction 
projects in this field to date. 

New developments in sur- 
face machinery for drilling al- 
ways command attention.A de- 
velopment that may have far- 
reaching results will be de- 
scribed in a detailed article. 

The second of the series of 
articles on pipe-still design by 
Professor Nelson will also ap- 
pear. 
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Dependable! 
WY HEN a wire rope fails un- 


expectedly or prematurely, 
there is always a loss of time and 
labor — for production stops but 
expenses continue. 


And there is more to wire rope 
dependability than strength, altho 
strength is highly important. 
Toughness, elasticity, resistance to 
wear and resistance to fatigue are 
also vital. 


“HERCULES” (Red - Strand) 


Wire Rope is dependable because it 

is made of acid open-hearth steel 
wire, and because every wire that is 

put into it is first rigidly tested by 

us to make sure that it meets our 

exacting standards, which have 
been established as the result of 
our many years of experience in 





wire rope making. 


Another factor of great impor- 

tance to wire rope users is that 
“HERCULES” is made in a wide 
range of constructions so as to be 
suitable for all conditions. 


If you 
Domestic Distributors 
CASEY & NEWTON 
Room 901 Century Building 
Pittsburgh, Pa. 


HILLMAN-KELLEY, Incorporated 
2441 Hunter Street 
Los Angeles, Calif. 


HINDERLITER TOOL COMPANY 
ulsa, Okla. 







will tell us how you use wire rope, 
we shall be glad to suggest the type 
we consider best for your work. 





Made Only by 











NORVELL-WILDER SUPPLY COMPANY 
Beaumont, Texas A. Leschen & Sons Rope Co. 
OSBORN MACHINERY COMPANY, Inc. Established 1857 
Clarksburg, W. Va. 
PARKERSBURG SUPPLY COMPANY SgOg Kennerly Ave., St. Louis, U. S. A. 
Parkersburg, W. Va. 
UNITED PIPE AND SUPPLY COMPANY New York 87 to 90 West Street 
Charleston, W. Va. Paintsville, Ky. ¥ : 
Chicago 810 W. Washington Blvd. 
Foreign Distributor —_—— 1554 Wazee Street 


CONTINENTAL EMSCO CO., Inc. 
19 Rector St., New York 


San Francisco 520 Fourth Street 
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The Course of Oil 


By K. C. SCLATER 
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Development oa es _ production 
4 ts in the oil in ustry are items 
Production © ; 
ie about which those outside the indus- 
osts 


try presume to know little or noth- 
ing. When a discovery well opening up a new field is 
completed, it usually marks the culmination of a long 
period of prospecting during which vast sums of money 
have been expended; but so far as the layman is con- 
cerned, all he sees is the cost of the discovery well. It is 
erroneously assumed that the cost of drilling a produc- 
ing well is the only expenditure required to obtain pro- 
duction. Wildcat drilling, dry holes and all the pre- 
liminary expense connected therewith are overlooked. 
In the matter of costs, these too often are based on the 
experience of some small operator who, by some for- 
tuitous circumstance, has gained an entrance into the 
oil industry and has met with the proverbial beginner’s 
luck. Nothing is known of the succession of dry holes 
that may have been drilled prior to the completion of 
the discovery well. The more responsible operator, who 
is in the business to stay, has to keep on seeking new 
sources of supply in order to maintain an adequate re- 
serve for market and contract requirements. The more 
widespread his operations become the greater becomes 
the need on his part for anticipating the probable trend 
of oil requirements for years ahead. 

In this respect the oil industry is no different from 
any other that produces a raw product. The fact that 
there is so much oil in sight is no reason why it should 
be produced all at once, for the vagaries of productive 
oil fields are still such that an adequate reserve must be 
maintained at all times, not necessarily above ground, 
but preferably in place underground, that can be drawn 
on and made available to market on short notice. 

Petroleum being an irreplaceable resource and an in- 
dispensable commodity, its proper utilization should be 
strictly enforced, and anything that tends to dissipate 
it should not be tolerated. 

Were the average man engaged in the oil industry 
better informed on the true average cost of producing a 
barrel of oil, it is believed that the selling of oil below 
the actual cost of production would soon be eliminated. 


Casinghead Gas A MINIMUM tax on casinghead gas 
of half a cent per thousand feet is 
In Oklahoma being considered in Oklahoma. Of 
the marketable casinghead gas in that State 75 per cent 
is sold on contract, of which only 25 per cent is proc- 
essed in the producer’s own gasoline plant. The average 
royalty now being paid to the producer is from 10 to 
15 per cent of the value of the natural gasoline ex- 
tracted. The average gasoline content of the gas pro- 
duced in the State is about 1.4 gallons per thousand 
cubic feet and the present price of natural gasoline 
about two cents per gallon. 
According to these figures the average value of cas- 
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inghead gas to the producer at the present time is only 
about three-tenths of a cent per thousand cubic feet. 
In the Oklahoma City field, where the casinghead gas 
has an average gasoline yield of one-half gallon per 
thousand cubic feet, the average royalty to the pro- 
ducer is 10 per cent, and its market value is thus 
only one-tenth of a cent per thousand cubic feet. The 
proposed half-cent minimum tax is therefore equal to 
more than one and one-half times the average market 
value of casinghead gas in the State of Oklahoma and 
five times the value of such gas in the Oklahoma City 
field in particular. 

Such an excessive tax, if imposed, would virtually 
amount to confiscation or worse, and prohibit the sale 
of casinghead gas. The revenue to the producer from 
casinghead gas now enables thousands of stripper wells 
to continue operating and these would be shut down. 
It is proposed to levy this minimum tax on “casinghead 
gas utilized in any manner” and, if construed to include 
gas used in repressuring, gas lift or any lease develop- 
ment or production operations, would be the equivalent 
of an additional two and one-half cents per barrel of 
gross production tax. This would impose a hardship on 
small well operators, for additional thousands of small 
marginal wells, unable to bear this increased burden, 
would have to be shut down, which in effect would 


result in loss of revenue to the State and additional un- 
employment. 


No producer can pay more tax than the net value of 
his product without injury to everyone concerned. This 
imposed tax, if designed to encourage wanton waste of 
a natural resource, could scarcely be improved upon to 


fulfill the purpose. 


New Angle ComPLeEx as is the problem of 
to Well Spacing Proper well spacing, an innovation 
Problem in field practice may complicate the 


problem still further. By means of 
“whipstocking” it is now possible, using one well from 
the surface to somewhere near the top of the producing 
horizon, to produce from several holes underground 
drilled into the reservoir. It is possible to run a “whip- 
stock” in a well, to drill one or more holes in any de- 
sired direction and to control the orientation of the 
hole or holes within close limits. This practice, which is 
relatively new, may, if it becomes widely adopted, 
change the whole aspect of the well-spacing problem, 
for it would alter the size and character of the drainage 
area of a well; the ultimate effect would be to make it 
possible to space wells more widely than under the pres- 
ent system. New developments of this nature are, of 
course, of extreme interest to all petroleum engineers, 
and especially to those interested in the problem of well 
spacing, for if their importance is recognized in time it 
may obviate much unnecessary investigation. 














Federal 


That the Federal Government recognizes 


Government i! er ng Se oil industry 
. and may be expected to become an impor- 
Enters Oil apiiengie nee Sa 
Situati tant factor in solving them was brought 
iruaTion 


out during the past month when a meet- 
ing of state governors and representatives from the oil in- 
dustry was called at Washington by the Secretary of the In- 
terior. 

After studying the reports made at the meeting, Presi- 
dent Roosevelt recommended a ban on the interstate ship- 
ments of illicitly produced oil and the divorcement of oil 
pipe lines engaged in interstate commerce from other branches 
of the industry. The chief executive further stated that he 
would require strict enforcement of the federal gasoline tax 
and that further recommendations might be forthcom:ng 
from the Nation’s Capitol. 


Several states are already considering bills to bring about 
the divorcement of pipe line operations from other branches 
of the industry. At the same time a similar bill was intro- 
duced in the national House of Representatives, but it has not 
yet been voted upon. Coérdinated efforts to prevent gasoline 
tax evasion are regarded as possible in the near future as an 
outcome of the conference. 


East Texas All of the approximately 10,000 oil weils 


Shut Down 


in the East Texas field were closed from 
April 6 to 11, in compliance with orders 
from the Texas Railroad Commission. The field was closed 
for the purpose of permitting producers and purchasers to 
put facilities in shape for potential tests of wells to be made 
by flowing selected key wells at regulated intervals during 
the five-day period. Data secured during the potential test 
will be considered in the preparation of a new proration order 
for the pool. 

This action followed a period of overproduction that 
brought produers face to face with the greatest crisis that 
has ever confronted the oil industry. The field’s output was 
estimated to have been anywhere from 800,000 bbl. to 
1,000,000 bbl. daily during this time. This tremendous out- 
put made the situation extremely acute, with reports pre- 
vailing that considerable oil was selling for 5 to 15 cents 
per barrel. During one particular day a total of 915 tank cars 
of crude oil were moved from the field, in addition to pipe 
line shipments, many of these tank cars soon piling up in rail- 
road yards along the coast. 


A most interesting development during the period was the 
opening of the Sinclair-Prairie Oil Company wells. During a 
two-hour open flow, in keeping with an order later retracted, 
gauges were taken on 300 wells and the result was an average 
flow of 158.23 bbl. per hour per well. Although this gauge 
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cannot be termed accurate for the entire field, it is interesting 
to note that, when applied to the pool’s 10,000 wells, this 
gauge would indicate an open flow of 1,500,000 bbl. an hour 
total output. 


Oklahoma 
City Field 


Shut Down 
natural gas might be formed and thys 
prolong the life of the pool, a complete shut-down of the 


Preliminary to the taking of potentials of 
all wells in the Oklahoma City oil field, 
so a definite plan to eliminate wastage of 


field was ordered by the Oklahoma Corporation Commission, 
The shut-down was for an indefinite period, or until poten- 
tial gauges have been made. All wells in the field were com- 
pletely closed except those making 10 per cent or more of 
water. 


The first time that preventive measures 


May Restrict 


Tomball Area have ever been recommended prior to any 

Before It Is concrete indications that a new field has 

Producti been brought in was recently made to the 
r ucTive 


Texas Railroad Commission. Several 
prominent production men, testifying before the Commis- 
sion, have urged that drilling restrictions be placed on the 
Tomball district of Harris County. Being of the opinion that 
this region, which now has two tests drilling, was very simi- 
lar in geological structural conditions to Conroe, the pro- 
ducers recommended that drilling be limited to one well per 
20 acres. 

This recommendation bears especial significance since it 
might influence future new pool regulations. The Commis- 
sion’s attention was also called to the fact that too wide 
spacing may ultimately be corrected, while too close spacing 
cannot. 


Texas Passes The gasoline tax evasion situation in Texas 
Gasoline Tax 


Evasion Law 


is believed nearer solution as a result of a 
recently enacted regulation making ade- 
quate provision for detection of violations 
and the prosecution thereof. Through this new law, Texas, 
the largest producer of crude oil in the Nation, follows the 
lead of other states that have recently enacted similar legis- 
lation. 


California Crude oil production of California is again 
Production running above the allowable, and the 
Above problems that faced the State’s oil indus- 


try prior to the time that the earthquake 
Allowable temporarily lowered the output are back 
once more. Daily recovery dropped to 355,000 bbl. for a 
short time, but soon rebounded to 465,000 bbl. daily. 
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COMPASS 





HEN you want a belt that will stand up and take it under 
the severe conditions of deep drilling or heavy pumping, 
turn straight to the Goodyear COMPASS (Cord) Oil Well Belt. 





















G. T. M.- Specified 
Goodyear Products 
For the Oil Industry 


. 
Compass Oil Well Belts 
(Both Single and Double 
Construction) 
e 
Compass Endless Belts 
e 
THor Transmission Belts 
(Seamless) 





You will get a belt with extremely low stretch— 


A belt with great freedom from ply separation troubles— 





A belt that delivers long life under excessively high tensions. 


This is how the COMPASS is made: Parallel rows of heavy, 
four-strand, rubberized cord, embedded in rubber and encased 
in a double fabric envelope. Comes in full rolls (approxi- 
mately 550 feet) or cut lengths. Takes either compression 
clamps or saddle-back splice, or can be made endless, when 
required. 





. 
Goodyear Conveyor Belts 
(For Handling Fuller’s Earth) 
® 


An exclusive Goodyear development for oil field duty, speci- Hy-Pressure Rotary Hose 
fied by the G.T.M.—Goodyear Technical Man—for cost- 


reducing belt service in drilling and pumping. 


. 

Super Hy-Pressure Rotary Hose 
- 

Goodyear Cargo Loading Hose 
* 


Goodyear Fuel Oil Hose 


You can get in touch with the G.T.M. simply by writing to 
Goodyear, Akron, Ohio, or Los Angeles, Calif., or by calling 
your nearest Goodyear Mechanical Rubber Goods Distributor. 
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Latest Activities 


HE success that has attended the intensive drilling cam- 
paign of Southwest Texas continues and the number of 
operations is steadily increasing. Extensions to two fields and 
establishment of a new producing zone in the third were 
high-lights of developments in the region during the past 
month. The Sarnosa field, southernmost of the Government 
Wells group in Duval County, has taken on new life and 
activity as a result of recent discoveries. Additional area for 
development was opened to the north of previous producing 
acreage by a well that is one of the best producers completed 
in the entire field. At the same time the field was given an 
eastern extension by another good well. A new producing 
horizon was found in the Peters Ranch region of this pool, 
when a large gas producer was completed at 2682-2713 feet. 
The Serpentine field in Bastrop County was also an inter- 
esting spot during the month. The second and third wells 
were completed and will 


in the Oil Fields 


than a mile and a quarter south by Alpha Petroleum Com. 
pany’s No. 1 Falvey, which made 470 bbl. in 12 hours, The 
rate of completions in this field is expected to diminish as 
result of a drilling curtailment program that has been adopted 
by three of the largest operators. 

Another new field was found in Seminole County, Okla- 
homa, when the Stanolind Oil & Gas Company drilled in 4 
50-bbl. per hr. producer near the townsite of Sasakwa. The 
well is located on a unitized block of acreage owned by Stano- 
lind, Amerada and I.T.I.O. Companies and is producing from 
the Simpson sand at 3905-67 feet. 

The appearance of sulphur water in two wells trying to 
extend the Hobbs field to the north were big upsets to New 
Mexico oil news. While these wells encountered sufficient 
oil to make them commercial producers, the finding of the 
water will naturally discourage operators from any intensive 
drilling in this direction, 














lend additional drilling except in meeting offset 
impetus. The second well AVERAGE CRUDE OIL PRICES requirements. 
in the field, located about Interest in the Kettle- 
2500 ft. west and slightl 7 r 4 
he di oer California ESI CRON et nets 44 man Ee ls region of Cali 

south of the discovery See. RRO 25 fornia is at present cen- 
well, flowed 42 bbl. the Coalinga 49 Louisiana tered around the North 
first hour through a 1-in. Long Beach -..... woenenenennnnnnene 75 North Louisiana 44 ' 

. 8 an 2 eee Kettleman Oil and Gas 
choke. The south offset to bk sonar ag Betas maascenatper = saa = Company’s Lillis-Welsh 

-eanmet eroaucer 1 Cetenee —_...................... . ng EE ° . ; ; 
the original .. Stew Bento i i? a 40 No. 1, an extension wild- 
gauged 110 bbl. the oot Woaus Ohio cat on the North Dome, 
hour through a %-in. North Central _...-_ 44 --_cobouagummammememamamammeelie which is drilling below 
k h dette’ ; Panhandle ____ cicacedances noe TON osc cath | a fh, die 
choke when drilled in a I OI te ccsciceeeicaccnttibianlast <a, eT 10,000 feet. This is the 
few days later. Gulf Coast... .54 Pennsylvania first time formations be- 
; : ae 35 SS ane ee 

The Conroe field in ton... 50 an ._.... 0 low 10,000 ft. have been 
Montgomery County, Kansas —_______ 44 West Virginia — 1.12 enetrated in the San Joa- 
Texas, was extended more quin valley. 




















Production and Refining Figures Furnished by the American Petroleum Institute 





Crude Runs to Stills, Gasoline and Gas and Fuel Oil Stocks 
Week Ending March 25, 1933 


(Figures in Barrels of 42 Gallons Each) 





Total 
Per Cent Motor Gas and 
Per Cent Daily Avg. Operated Fuel Fuel Oil 
DISTRICT Potential Crude of Total Stocks Stocks 
Capacity Runs to Capacity Thousands Thousands 
Reporting Stills Reporting of Bbls. of Bbls. 











East Coast... cuidies 472,000 73.9 15,486 6,200 
Appalachian... eonatm, OD 83,000 61.5 2,039 820 
= | ee, 298,000 70.3 8,494 3,394 
Okla., Kans., Mo. ... 84.9 218,000 55.9 3,522 2,911 
Inland Texas__................... 56.4 84,000 47.3 1,775 - 2,058 
- | ART ees 97.7 382,000 70.5 6,837 5,861 
Louisiana Gulf___.......... 97.3 114,000 80.3 1,984 2,055 
No. Louisiana-Ark,........ 88.5 36,000 45.6 266 644 
Rocky Mountain... 90.8 25,000 18.1 1,569 623 
California... 94.6 373,000 43.1 14,775 98,439 

Total March 25... 91.6 2,085,000 59.0 58,747 123,005 

Total March 18... 91.6 1,988,000 56.3 58,306 123,465 








Daily Average Production 
(Figures in Barrels) 

Week Week Week 

Ended Ended Ended 

Mar. 25 ‘eb. 25 Mar. 26 

1933 1933 1932 
Oklahoma ...... 563,800 521,500 435,900 
Kansas sana aes Leeeee 108,550 98,750 
Panhandle Texas .. 55,150 47,800 46,750 
North Texas . 52,300 46,550 49,650 
West Central Texas . _.... 22,800 25,650 24,950 
West Texas ; .... 161,050 157,750 174,450 
East Central Texas _... 58,600 59,450 55,250 
East Texas 360,800 *302,400 $27,750 
Southwest Texas ‘ 49,100 50,350 54,300 
North Louisiana 31,200 29,000 27,900 
Arkansas . 80,850 31,950 34,150 
Coastal Texas 154,450 128,450 109,050 
Coastal Louisiana 35,300 33,150 28,300 
Eastern (not including Mich.) 87,200 91,000 103,050 
Michigan B . 14,150 13,850 13,950 
Wyoming : ....- $1,150 31,550 39,800 
Montana . 6,550 5,600 6,300 
Colorado casos: | ae 2,650 3,550 
New Mexico . _.. 87,350 37,100 37,150 
California : . $73,700 468,300 492,100 
TOTAL ~------—---- 23249,650 2,192,600 2,163,050 
EE ee 818,400 842,150 
* These figures reflect only that oil produced in accordance with 
proration allowables and does not include oil produced under 

protection of injunctions or otherwise. 





terminals and sales distributing stations and amounts in transit thereto. 





NOTE: Stocks at refineries, except in California district, which includes stocks on finished gasoline and engine distillate at refineries, water 
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U. S. Daily Average Production Daily Average Crude Run to Stills 
for the Past Twelve Months for the Past Twelve Months 
2,300,000 2,300,000 
2,200,000 2,200,000 
2,100,000 % 2,100,000 
2,000,000 1 2,000,000 
. 1,900,000 - 1,900,000 
4 1,800,000 1,800,000 
1,700,000 1,700,000 
1,600,000 1,600,000 
U. S. Crude Oil Stocks for the Gasoline Stocks in U. S. Refineries 
Past Twelve Months* for the Past Twelve Months 
| 375,000,000 | 50,000,000 
4 360,000,000 me 40,000,000 
-_ _ 
S 345,000,000 ~ 30,000,000 
S 330,000,000 20,000,000 
| 315,000,000 | 10,000,000 
Eee ewes eg d Bmaeanwme sey . 
*Last month, estimated =*& § SG 3S BOS ascesagpoxgdgia 
——"" ©. & imine oO S&ass St B22<KR0ZQSnE 
Above statistics furnished by the American Petroleum Institute 
Summarized Operations in Active Fields for March, 1933 
Fre.ps Completions Producers Locations Rigs Drilling Depth of No. Casing Gravit Type of 
Wells Production Strings of Oil Toot Used 
——, Ps cc oscam enews 133 129 94 43 62 3600 2 40 Rotary 
SUES CUE. cc ccccvess 10 9 12 5 33 2300 2 22 Rotary 
a ha Cichlaeheteaane 64 62 64 55 71 5200 2 38 Rotary 
OKLAHOMA 
- Comoe Chey... .cccccee 2 2 3 5 10 6500 3 39 Rotary 
~o=— ne ap ee ee 11 9 15 8 36 2900-3400 2 38 Rot.-Cab. 
Ellsworth Arch.......... 6 4 7 6 26 3300 4 | 37 Cable 
CALIFORNIA 
Kettleman Hills. ......... 3 3 2 3 13 8300 3 or 4 40 Rotary 
ree 6 6 3 2 20 7000 3 | 26 Rotary 
Field Activities by States for March, 1933 
STATE Completions Producers Locations Rigs | Drilling Wells | Production, 1932 
March February March February March February March February March February (In Barrels) 
Arkansas.......... 1 puaiease cau — } _ 0 . 1 iets a 19 ~ 20 - “a : 31 11,907,000 
California... |... 24 24 23 22 27 15 17 92 88 | 178,128,000 
Colorado. ........ 4 1 1 1 1 5 8 | 59 60 | 1,177,000 
I dc tao iva 3 1 1 1 2 1 10 11 4,661,000 
SA cacsasen 13 20 8 7 aa 2 4 | 59 65 | 804,000 
re 28 40 21 22 41 35 41 | 91 96 34,300,000 
Kentucky 3 21 2 11 cate 2 6 45 45 6,264,000 
Louisiana......... 38 22 14 11 33 31 33 116 123 | 21,478,000 
Michigan. . 12 14 9 9 30 51 45 71 68 6,729,000 
Mississippi. . Bak oceoe 2 7 0 1 a 4 4 12 16 Gas. Prod. 
Montana.......... 6 0 4 0 5 6 36 36 2,449,000 
New Mexico....... 4 8 3 6 a 6 59 54 12,511,000 
New York......... 9 3 a 3 1 2 6 8 3,501,000 
Se 39 45 35 33 Sica 33 38 106 110 4,597,000 
or 91 88 62 52 74 120 121 301 327 152,621,000 
Pennsylvania piveuow 28 32 25 29 en bee 7 7 85 90 12,403,000 
a Sea 408 560 283 386 383 576 234 279 689 720 311,069,000 
West Virginia... ... 21 21 21 20 scale ees 7 9 37 35 4,472,000 
Wyoming......... 2 3 1 0 oa 9 8 63 64 13,359,000 
(ae 736 914 523 614 590 753 591 655 1962 2047 781,845,000 
Apri, 1933 
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Progress of Major Pipe Line Work 








By WARREN L. BAKER 
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HAT pipe line activity is on the 

increase is evidenced by the fact 
that more mileage has already been MEXIA © 
contracted for this year than was laid 
during the entire year of 1932. It is 
interesting to note that a number of 
the extensions and new lines are ap- 
parently being built on the assump- 
tion that larger shipments will soon 
be permitted from many fields. 

The Sinclair-Prairie Pipe Line Com- WwW 
pany will construct approximately 
120 miles of 12-in. line from its Colo- 
nels station near Teague, Texas, to 
Sinclair-Prairie's 


Hufsmith station, north of Houston. ieee 
new 1|2-in. pipe 


line, which will 
provide enlarged 
outlet for East 
Texas. 


Enlargement of capacities between 
these two stations will give the com- 
pany an outlet for more than 75,000 
bbl. of crude daily from the East 
Texas field. 





rEAcule 





daily, using one main line Station, 
equipped with two units of electric 
motor-driven centrifugal pumps, 
Construction plans for the station are 
such that additional pumping units 
may be added as needed. Construc- 
tion work on the line has been started 
and the station is now nearing com- 
pletion. Most of the pipe for the line 
has arrived in Houston from the mills 
of Spang, Chalfant & Company. 
Kelly-Dempsey Company con- 
tinues to progress rapidly with the 
construction work on the Phillips Pe- 


orstat® troleum Company’s line from the 

¥ Oklahoma City pool to Thrall, Kan. 
All river crossings have been made 

HOUSTON ¢ and the line is now completed from 


Oklahoma City to a point near the 





Oklahoma- Kansas boundary. Two 





Early in the history of East Texas 
Sinclair-Prairie laid a 12-in. line south from the field to the 
Colonels station, in the Mexia district, to connect with their 
main Chicago-Houston line. The new 12-in. line will parallel 
its partially looped 8-in. and 10-in. carrier between Colonels 
and Hufsmith. Sinclair-Prairie will then have the advantage 
of a 12-in. carrier the entire distance to the Gulf Coast from 
East Texas, leaving its old 8-in. and 10-in. line free to carry 
crude purchases directly south from North Texas and Okla- 
homa. At Hufsmith the company’s pipe line system branches, 
with one line going to its large refinery at Sinco on the Hous- 
ton ship channel and the other east to Beaumont. 

The 12-in. pipe to be used in constructing the Texas project 
is to be obtained by dismantling of the Sinclair-Prairie line 
from McCloud, east of Oklahoma City pool, to Coffeyville, 
Kan. With the merger of the Sinclair and Prairie interests last 
year, the consolidated company came into possession of two 
outlets from Oklahoma City to Coffeyville. 

The Channel Transport and Marketing Company, formed 
by Messrs. Murchison, Cain, Closuit, Golding and others, has 
let the contract for the construction of an 8-in. pipe line from 
the Conroe field, Texas, to Norsworthy, a point on the Hous- 
ton ship channel near the tank farm of the American Refin- 
ing Company. Freidell Construction Company of Denver, 
Colo., has the contract to lay this line, which will involve 
the welding of about 34 miles of pipe. The Conroe-Nors- 


worthy line will have a maximum capacity of 24,000 bbl. 


12 


gangs, both working north, are on 
the line. One is located at Shidler, Okla., and the other at 
Howard, Kan. Phillips Petroleum Company engineers, who 
are looping the company’s old line from Thrall to the Kansas 
City refinery, have progressed to Paola, just 17 miles from 
Kansas City. The company expects to have the pumping sta- 
tions ready for operation by the time the line is completed, 
which will be within the next week or ten days. 

George E. Brimmer of Cheyenne, Wyo., was recently 
granted a certificate of convenience and necessity by the 
Wyoming Public Service Commission to lay a 33-mile pipe 
line from the Maverick Springs oil field in Fremont County, 
Wyo., to railhead at Pavillion. Construction on the line is 
to commence before September 1, 1933. In connection with 
the project it is proposed to build a branch railroad from a 
point near Bonneville to the town of Pavillion. The Maverick 
Springs field is controlled by the Standard Oil Company of 
Indiana; the Ohio Oil Company; the Union Oil Company, of 
California; The Texas Company, and the Continental Oil 
Company. 

The John W. Moore Construction Company of Lubbock, 
Texas, is proceeding with plans to build a 120-mile, 8-in. 
welded gas line from Lea County, New Mexico, to Lubbock. 
The company has a franchise to furnish Lubbock with natural 
gas and also may supply the intervening towns of Eunice, 
Seminole, Wellman, Brownsville, Ropesville, Meadow and 


Seagraves. 
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Welded by electrical 
resistance. 


FINISHED PIPE 
Free from scale inside and out- 
side... uniform size and wall 
thickness... ready for final 


inspection. 
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thats all tt takes to tell the story 


All the advantages of Republic Electric Weld Pipe 
can be traced back to two factors—the unique 
patented method of manufacture and the material 
of which it is made. 

Flat strip steel rolled to uniform thickness is 
formed cold to a perfect round. This is the only 
process which insures the inside surface of the pipe 
being exactly the same as the surface of the strip 
from which it is formed. Then the edges under 
pressure are welded by the electrical resistance 
method—Johnston patents owned by Republic. 

Because the strip is of uniform gauge, the wall 
of the pipe is absolutely uniform in thickness. 


REPUBLIC 


STEEL AND TONCAN IRON ELECTRIC WELD 
TUBING 
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of REPUBLIC ELECTRIC WELD PIPE 


And because the pipe is formed cold and heated 
only at the point of contact at the weld, its origi- 
nal roundness is never distorted. 

Materials may be open hearth steel, special 
alloy steel or rust-resisting Toncan Copper Mo- 
lybdenum Iron—depending upon installation re- 
quirements. 

Translate these qualities into economies in pipe 
application—in pipe lines—in casing—in tubing. 
Write for copies of Catalogs 204-B and 210-B. 


REPUBLIC STEEL CORPORATION 


GENERAL OFFICES Spgs YOUNGSTOWN, OHIO 








The Months Activities in Refining’ 


By F. R. STALEY 


ONSTRUCTION work will soon be finished on two 

cracking units in the Sinclair and the Marathon refineries 
in Fort Worth, Texas. Sinclair is building its own type unit 
with a de Florez furnace, while the M. W. Kellogg Company 
is building the unit at the Marathon refinery. 

Many small skimming plants are now being built in East 
Texas. The Trinity Refining Company will start operating 
its new plant at Gladewater this month and The Texas Oil 
Products Company, Gladewater, Texas, will soon build a 
blending plant and warehouse for lubricating oils. The latter 
company will buy bright stocks and neutrals in tank car lots. 

The Continental Oil Company will install a new Cross 
cracking unit at its Ponca City, Okla., refinery. 

The White Star Refining Company has awarded a contract 
for the construction of a grease plant in its Detroit, Mich., 
refinery to Martin Krausmann Company. 

The Simrall Refining Company will soon build a 2000-bbl. 
refinery at Owensboro, Ky., while a plant to manufacture 
asphalts and road oils will be built at King City, Calif., by the 
Golden Bear Oil Company, Ltd. 

Several new refining units are planned by Canadian re- 
finers: Hydro-gas Refineries, Ltd., St. Catherines, Ont., will 
build a motor oil plant; the Simrall Refining Corporation of 
Canada will install additional units at Amherstburg, Ont. 

A small refinery will shortly be built at Texarkana, Texas, 
by the Standard Crude Oil Refining Company. 

“The Isolation of Pure Hydrocarbons from Crude Pe- 
troleum” was discussed by Dr. E. W. Washburn, U. S. Bureau 
of Standards, at the Petroleum Group Meeting of the Ameri- 
can Chemical Society in Tulsa, April 8th. 

Dr. Gustav Egloff, Universal Oil Products Company, ad- 
dressing the American Chemical Society meeting, Atlantic 
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City, said the national gasoline bill would be increased 90 
million dollars annually if 10 per cent of alcohol would be 
blended into the motor fuel, based on corn at 29 cents per 
bushel. 

Operations were started this month at the new Shell re- 
finery at Montreal East, Canada. The plant has a crude oil 
storage capacity of 500,000 bbl. in five tanks. The initial 
capacity of the plant is 3750 bbl. of gasoline daily, which 
will be increased to 5000 barrels. Although gasoline and light 
oils only will be made at first, lubricants and greases are to be 
manufactured later. 


Natural Gasoline 


The Wirt Franklin Petroleum Company and the Phillips 
Petroleum Company each plan additions to their Oklahoma 
City gasoline plants. 

Nearly 200 plant operating men assembled at Brecken- 
ridge, Texas, for their annual meeting to exchange ideas and 
to discuss operating problems. A number of technical papers 
were presented. Gas measurement was discussed by D. A. 
Sillars, and piston ring performance by J. L. Hamilton. Dr. 
E. R. Lederer, Texas Pacific Coal & Oil Company, presided at 
the morning session, and J. R. Jarvis, Lone Star Gasoline 
Company, in the afternoon. 

According to the United States Bureau of Mines Survey, 
the marketed production of liquefied petroleum gases during 
1932 continued to increase, being 17 per cent over 1931 sales. 
The gases included propane, butane, pentane and propane- 
butane mixtures. Nearly all of the liquefied petroleum gases 
marketed during 1932 were produced at natural gasoline 
plants. The report shows 46.9 per cent of the gases used for 
domestic purposes, 28.8 per cent for gas manufacturing, and 
24.3 per cent for industrial and miscellaneous purposes. 
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Figures in red show per cent refining capacity operated. 
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crane ' CRANE 


SERIES 15 ; SERIES 15 
SEND FOR THIS | Fs FOE. dP Be 


REDUCED AREA PLUG REDUCED AREA PLUG 
CAST STEEL SODY AND SONNET CAST STEEL BODY AND BONNET 


; ‘ » WRENCH AND GEAR OPERATED 
i ANGES WRENCH AND GEAR OPERATED  caeatates 
oO e { 100 POUNDS WORKING PRESSURE ATMOSPHERIC TEMPERATURES ’ 
i arn 7" yore wares 
' arsr PRICES 44cH 
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WRENCH OPERATED VALVES MO. 2949-0 


. vehes . . 

to ALD Firged (FLO i hk. Sr 
CAR OPERATED VALVES NO 2949-0-8 AND NO 2948-0 

Ses inne 6 . ' ' te 

Ne MDS Pig FOO Wore Mire Gear 1 Tee Tie 

fie EDU Pig's 40) Worm Gear 268,00 385.00 $20 08,720.00. 1991 4 


THE NO. 755-0 WORM AND MITRE CEAR VALVES ARE MADE ON 
ORDER ONLY 


WAYS ORDEN OY CATALOGUE 


Pugs are Conne Fecrontee 






Pree. on erench eperated valves de nt nehede ereneter wrercies are required 
Srey should be ordered cra ome pages 64 and 67 


Lubricated Plug Valves ere furiwshes filles «ih the lubricant apeciied on the onder or as 


euheated tor the service they are to withatarn) See pages $3 


Crane : 
Lubricated | 
Plug Valves 


(Patented) 


1 fog recommendations 


Darrcuom: for wntallng ead serwemg Plug Valves are on page 7! 


® To serve on lines where operation is eliminate these troubles in your pipe 
severe and efficiency is essential, Crane Co. lines. Further details on this series of 
has developed a series of lubricated plug Crane valves are described in Circular 
valves for the most difficult requirements. | No. 252 which will be sent you on appli- 
The stuffing box —the greatest consumer cation, without obligation. 

of power in the operation of valves—has 


@ Visit the Crane Industrial Exhibit in the 
been eliminated. Save this power and 


Electrical Building at A Century of Progress. 
CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO 


NEW YORK: 23 W. 44TH STREET 
Branches and Sales Offices in One Hundred and Sixty Cities 
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The !6-in. submarine pipe line being towed into the sea. Sand bags were used for submerging 


Submarine Pipe Line Laid 


HE Associated Oil Company has just completed the in- 

stallation of a 16-in. submarine pipe line in what is con- 
sidered record time at its Monterey Marine Terminal on Mon- 
terey Bay, California. This is the terminal of its Belridge- 
Monterey pipe line, which carries light crude oils produced 
in the Belridge and Kettleman Hills fields some 160 miles 
from tide-land. 


In 1925, the Associated Oil Company, pioneers of sub- 
















A view of the line just prior to launching 
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marine pipe line construction on the Pacific Coast, constructed 
this marine terminal, at which time there was installed a 12-in. 
submarine line for crude oil and an 8-in. submarine line for 
gasoline. In the latter part of January, 1933, the 12-in. crude 
line was broken when the breast line of a tanker that was 
receiving oil parted, placing an undue strain on the loading 
hose and submarine pipe line, breaking both the hose and 
the pipe. 

It was decided to replace the old 12-in. submarine line 
with a new 16-in. line. As the storage facilities for crude 
oil were limited, it was necessary that the new line be in- 
stalled as soon as possible in order not to interfere with the 
operations of the other departments of the company. 

The new line was laid in approximately the same location 
as the old 12-in. line and extends from the pump house on 
shore to a point about half a mile into the bay, where there 
is a depth of 52 ft. of water. Tankers are made fast to 
mooring buoys near the end of the pipe line and load through 
160 ft. of flexible submarine hose, which is raised to the 
tankers and made fast to the tankers’ piping. When not load- 


Line-up clamp used to hold lengths of pipe together for tacking 
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the line. Top of towing barge skows in distance 


in Record Time 


By G. E. HERRMANN, Chief Engineer 


Associated Oil Company 
San Francisco, Calif. 


ing oil into the tankers, the hose lies on the bottom of the 
bay. A buoy, fastened to the end of the hose, can be readily 
picked up by the tankers and the hose raised to the deck of 
the vessels. 

The plan adopted for installing the new 16-in. line was to 
make up the pipe on shore in two sections, each of which was 
about 14 of a mile long, the outboard section being made 
up on the launching ways. After the first, or outboard, sec- 
tion had been pulled out, the second, or inboard, section was 
then rolled upon the launching ways and welded to the first 
section. The entire line was then towed to its final position 
by means of an anchored barge equipped with heavy-duty 
towing engines. 

In order to make up these 1/,-mile sections on shore, it was 
necessary to move several tank levees, concrete retaining 
walls, and some pumping equipment so that a grade could 
be prepared for the launching ways and also for welding the 
pipe together. The pipe was 16-in. outside diameter with 
Y,-in. wall thickness in random lengths of about 21 feet. The 
ends were beveled for welding. Pipe dollies were used for 
lining up the pipe ard rolling it for welding. The lengths 
were welded together by the oxy-acetylene process, and only 
three overhead welds were made in the entire line, one in 
each 14-mile section and the third where these sections were 
welded together. The pipe was painted for about 1000 ft. 
where it extends through the surf, with three coats of coal 
tar enamel, reinforced with fabric. The launching ways were 
constructed of timbers on which were placed slides that carried 
the pipe. These slides were about 20 ft. apart and as the pipe 
line moved forward they were removed at a pit at the end of 
the ways just above the water line. A sled was made fast to 
the outer end of the pipe so the end of the line would not 
become fouled on rocks on the floor of the bay, when being 
launched. 

The barge was anchored at a point about 800 ft. beyond 
the end of the pipe line’s final position. A towing cable was 
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Associated's |6-in. submarine line under construction. Tanker in 
background is loading gasoline through 8-in. line 


brought ashore from the barge and attached to a pulling 
bridle secured to the end of the pipe line by means of a clamp, 
and the line pulled out by a towing engine on the deck of 
the barge. A snubbing post was erected at the upper end of 
the ways on which a snubbing line was used to keep the pipe 
line from being pulled too far to sea. 

As the pipe when empty had a positive buoyancy it was 
decided to submerge it by lashing sacks of sand to it so it 
would have a negative buoyancy of about 3 |b. per ft. when 
being launched. 

The pipe was received at Monterey, Calif., from the mills 
in Ohio eight days after it was shipped. The pipe line was 
constructed, launched, and put into service within seven days 
after the pipe arrived at Monterey, when a tanker loaded its 
first cargo through this new 16-in. line. 

The time required to launch the entire line was 48 minutes, 
the first section being pulled out in 21 minutes; it took four 
hours to place the second section on the ways, lash the sand 
bags to it for submergence, and weld the tow sections to- 
gether; only 27 minutes later the entire line was in its final 
position in the bay, when a diver went below and opened a 
valve at the end of the line to permit it to fill with water, 
a heavy concrete block was cast around the pipe on the shore, 
to hold it securely in position. 

Telephone communication was maintained between the 
shore and the barge throughout the entire launching. On shore 
the ‘phones were placed at the embarking point and also at 
the snubbing post. This submarine telephone line provides 
communication between the tankers and pumping station 
ashore during the time the tankers are loading. 

The Associated Oil Company feels that a new speed record 
was established in laying this 16-in. line, which is equal in 
diameter to the largest submarine pipe line in the world. 
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Pressure-Control Hydraulic Rotar 


Well Flows Steadily Under Control 
While Drilling Through Pay Strata 


Mar € th. 


N December, 1928, the 
deep Big Lake pool in 


_— 
Reagan County, Texas, was ame 
discovered at a depth of 

8512 ft. by deepening one “~ 
of the shallow wells, cable 

tools being used in the test. = 202 
After having penetrated 

the Ordovician lime from ial 
8512 to 8525 ft. the tools —~ 
could no longer. be retained i 


in the hole and the well was 
considered completed. Sev- 
eral other wells were subse- = sxx 
quently deepened and a few 
new wells drilled, by means 


of both cable tools and _ 


rotary. Since the latter part 


of 1930, all deep wells have mm 
been drilled and completed 
entirely by conventional *~ 
rotary methods. 

Having penetrated no 3 2~. 
more than 100 to 150 ft. of 
the Ordovician lime, the ia 


early deep wells, on comple- 
tion, produced only what is 
known as a water-white oil 
of 60-deg. to 65-deg. grav- 
ity A.P.I. After having produced this water-white oil for 
several months a dark-colored oil of lower gravity appeared 
in these wells. As the dark-colored oil appeared without 
further deepening of the wells, it was obvious that it came 
from the lower section of the same porous pay from which 
the water-white oil was being produced, the hard siliceous 
Ordovician lime having shown no tendency to “drill in” or 
disintegrate while being produced. Following these observa- 
tions early in 1931, part of the producing pay in Big Lake 
Oil Company’s well 1-C was unavoidably mudded off in the 
process of deepening; the deepening being resorted to for the 
purpose of exploring the lower portion or heavy oil zone of 
the Ordovician lime. After having deepened this well some 75 
ft. below the depth at which it had been producing for several 
months, it was observed on unloading the well that the pro- 
duction was less than one-half that which was obtained before 
deepening. The well was observed for 30 days under these 
conditions but it showed no tendency to regain its former rate 
of production. This was considered conclusive evidence that 
mud penetration of the pay was the sole cause of the abrupt 
change in the rate of production, for the well should have at 
least approached or equaled its former rate of production, 
which had been extremely steady over a long time prior to 
deepening. Mudding-off was due to the cavernous nature of 
the lime which was exposed to the high pressure of the drilling 
mud. Undoubtedly other cases of mudding-off the pay hori- 
zon in the actual process of drilling in new wells could 
and may have taken place without the knowledge of the 
operators, as no basis for evidence existed from which con- 
clusions on this point could be derived. 
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Mar I7¢h Consideration was then 


given to modification of the 
drilling methods that would 
partially or wholly over- 
come these hazards and dif- 
ficulties, which continued 
to exist as deep develop- 
ment in the pool pro- 
gressed. On account of the 
high pressure in the pay 
stratum, it obviously would 
be dangerous, in order to 
avoid mud penetration of 
the pay, to use drilling 
fluids that were too light 
for fear of an uncontrol- 
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Sketch illustrating periodic progress and principles of hydraulic 
pressure completion, well No. 


lable blow-out; on the 
other hand, weighting the 
mud would still leave in 
doubt the degree of harm to 
the pay through probable 
penetration. After having 
considered several possible 
means by which these dif- 
ficulties could be reduced 
or eliminated, it was de- 
cided to install a hydraulic 
pressure control drilling ap- 
paratus that would permit 
drilling in the high-pressure wells with positive control of 
the pressure of the drilling fluid at the bottom of the hole 
by means of the application of back-pressure on the circulat- 
ing returns at the surface. Accordingly, late in August, 1932, 
a Doheney-Stone hydraulic rotary and pressure drilling equip- 
ment, consisting of a drilling packer, flush-joint pipe and 
hydraulic snubbing-in equipment, was installed on Big Lake 
Oil Company’s well No. 7-C after 8290 ft. of 7-in. casing 
had been set and cemented 15 ft. in the Ordovician lime. 
Down to this point and including the setting of the 7-in. 
casing, the conventional type deep well rotary equipment 
was used. After having penetrated the upper part of the 
Ordovician some 200 ft., the drilling fluid (water) was un- 
loaded and the well showed about five of six million cubic ft. 
of gas and approximately 500 bbl. of water-white oil of 63- 
deg. gravity A.P.I. The oil, water and gas were passed through 
a conventional high-pressure separator and as the packing- 
head below the base of the hydraulic table gave a pressure- 
tight shut-off between the flush-joint drill pipe and the 7-in. 
casing it enabled the operators to pass all circulating returns 
from the well through a manifold with chokes and on into 
the separator during the actual process of drilling deeper. 
From the separator the gas was carried to safety vents some 
500 ft. away from the well while the oil went to the stock 
tanks, where it was gauged; the drilling water and cuttings 
were continuously removed from the bottom of the separator 
and conducted to the circulating pit. This enabled the oper- 
ators at all times to observe the current rate of flow of the 
oil and the gas. Gas measurements were made by means of a 
pitot tube on the gas vent and the corresponding current 





8-C, Big Lake Oil Company 
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ompletion of Deép Wells » » » 


By E. V. FORAN 


Consulting Petroleum Engineer 


production of oil was gauged simultaneously in the tanks. In 
addition to this, during the six hours required to make yhe 
round trip to change rock bits, an actual undisturbed gauge 
of both oil and gas was possible, since no drilling fluid is in 
circulation during this period of time. Py 

It was noticed that prior to the unloading of the well the 
pump pressures required for circulation varied from 1300 lb. 
to 1500 lb. per sq. in., whereas the same quantity of water in 
circulation under a flowing condition while drilling required 
from 1000 lb. to 1100 lb., the difference in pressure being due 
to the fact that the return flow column was unaerated by 
the formational gas and therefore imposed a lower back pres- 
sure against pumping than would be the case with the water 
free of gas. 

During the process of drilling in, a close watch was kept for 
the depth at which the transition from water-white to heavy 
oil appeared. By the former system of completion this pont 
was only roughly indicated as being somewhere between 8700 
and 8725 ft., but with the new pressure-control system of 
completion whereby the well was flowing steadily while drill- 
ing in, the contact plane at the base of the water-white zone, 
which of course is the same as the top of the heavy oil zone, 
would be indicated much more accurately. Upon reaching a 
depth of 8725 ft. to 8730 ft. a sharp and visible change from 
water-white to heavy oil was observed, the two products being 
in both porous and pressure contact with each other.’ The 
drilling in of this well progressed without interruption to 
the total depth of 8825 ft., all new production discovered 
from 8725 to 8825 ft. being heavy oil only of approximately 
44-deg. gravity A.P.I. During the process of drilling this well 
from the 7-in. casing shoe at 8290 ft. to 8825 ft., no 
cores were taken. The productivity of the well and the par- 
ticular productive characteristics of the formation were dis- 
closed much more accurately than would be possible by cor- 
ing and using the same conventional completion system as 
used in the formerly completed deep wells in this pool. During 
the completion of this well pressures of from 250 Ib. to 400 Ib. 
were maintained on the circulat- 
ing returns at the surface. 

Following the successful pres- 
sure-control completion of well 
7-C, it was decided to complete 


About the middle of February, 1933, 75-in. 33-lb. casing 
was set at 8274 ft. in the top of the 8200-ft. pay, on the 
west flank of the structure in 8-C, the western outpost well 
of the Big Lake Oil Company. The 8200-ft. pay in the Big 
Lake field is classified geologically as a lower member of the 
Pennsylvanian series and during previous completions was not 
considered as a prolific producing stratum, it having been en- 
tirely absent in wells No. 1-C of the Big Lake Oil Company 
and 1-B and 3-B of the Group No. 1 Oil Corporation; how- 
ever, it was known to be a stratum of considerably lower 
pressure than the Ordovician and therefore could only reflect 
its true productive character when completed by pressure- 
control methods. The same pay in well 7-C was found from 
8125 to 8220 ft., but was cased off without a test, as it was 
known to be structually high and only gas-bearing. After 
drilling the cement plug in 8-C and drilling 15 ft. or 20 ft. 
into the 8200-ft. pay no appearance of gas bubbles or signs of 
oil were observed in the circulating returns and penetration 
was continued through this entire lime stratum, a total of 113 
ft., without having shown any indication of either oil or gas. 
This lime stratum was very soft and only one set of rock bit 
cones was required for its complete penetration. Unloading of 
the well with the hydraulic control equipment was then begun 
in readiness for a production test; after unloading the top 
portion of the drilling fluid (water) the well blew in and 
showed some 12 to 15 million cu. ft. of gas and 500 bbl. of 
water-white oil of 64-deg. gravity A.P.I. With the drill 
pipe out of the hole the well was subjected to a production 
test and about 12 hours later bridged in the 75%-in. casing 
about 800 ft. below the surface, the bridge extending over a 
200-ft. section of the 7%%-in. casing. 

This condition made a dangerous high-pressure hazard, as 
almost the full pressure (2500 lb.) of the 8200-ft. pay would 
naturally be effective against the base of the bridge, and 
should the bridge be drilled through without first approxi- 
mately equalizing the pressure on the bridge, it would obvi- 
ously be a threat to the safety of the entire rig. It was, there- 





well 8-C during February and 
March, 1933, in a similar manner 
but with more refinements with 
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fore, proposed to run a drill pipe with the bit back into 
the hole and drill out the bridge with mud under a back- 
pressure of about 1500 to 2000 lb. on the circulating return 
chokes, in which case the puncturing of the bridge would not 
result in severe pressure impact on the equipment at the sur- 
face as the pressure at 800 ft., under these conditions, would 
be not less than 2400 lb. per sq. in. Before drilling the bridge, 
however, all equipment on the derrick floor, cellar, manifold 
and vent lines was securely anchored and lashed to withstand 
the expected strain. While no accurate pressures in the 
8200-ft. pay have yet been as- 






Between the base of the 8200-ft. pay and the top of the 
deep lime (the Ordovician) 300 ft. of shales were penetrated 
without disturbing in any way the flow from the 8200-ft. pay, 
The top of the deep pay (the Ordovician lime) was expected 
somewhere between 8600 and 8700 ft. A few days before en- 
countering the top of the Ordovician a recording differential 
orifice meter was installed on the gas vent line to ascertain 
accurately any slight increases in production due to en- 
countering new porous or open spots in the deep lime.? For 
several days while the drill was still penetrating non-produc- 
tive shales between the two 
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high back pressure on the re- 
turn chokes, but as these had 
to be pinched to a small open- 
ing in order to assure a pres- 
sure of more than 1500 lb. at —s a}. 
the surface, it resulted in the 
chokes themselves becoming 
bridged. Obviously, this sys- 
tem was impractical and the 
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Ordovician first appeared even 
WA Wh mae. though only 200,000 cu. ft. of 
wal gas and 100 bbl. of oil, and 
eae with 20 million cu. ft. flowing 
p> from 8200-ft. pay. 
ie ae The top of the Ordovician 
was encountered at 8592 ft. 
and at 8648 ft. an abrupt in- 
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ee ee SRS crease in the gas flow was ob- 
ridge had to be drilled with- DKS Mig served in a half-hour interval 
out ae ~~ AMY of 1,400,000 cu. ft. daily, ac- 
returns and risk all the at- L xx . ane , . , 
- lee Te $87" companied by approximately 
CORSORE RATACSS GF Tne impact bit IY 600 bbl. of 44-deg. gravity 
of high-pressure gas on the ae pt) eee Y ‘ 
; Sa Ra eee dark oil, which colored the 

surface equipment at an un- ne e+ 


expected moment, for the ex- 
act location of the base of the 
bridge was not known. The 
bridge was, therefore, drilled 
very carefully for two days 
and, without any warning, 
broke loose with terrific impact on the surface drilling equip- 
ment, the manifold on the circulating return lines, and the 
8-in. line venting the gas to the air. 

The pressure observed on the wide-open manifold lines 
a few moments after the blow-out was 1600 lb. per sq. in. 
and about three minutes after the blow-out the pressure was 
still 1200 Ib. on a wide-open 4-in. manifold line leading to 
the emergency vent line, which was of 8-in. pipe and about 
150 ft. long. Although the strain on the equipment must 
have been severe, there was no leakage of gas in the cellar or 
at the derrick floor. At the moment of the impact the 800 ft. 
of 3'%-in. drill pipe was in danger of being blown from the 
hole, but upon the first movement of the drill pipe upward 
the automatic slips engaged in the reverse position, thus con- 
fining the total movement of the drill pipe to only nine or ten 
inches, at which point the drill pipe was rigidly held and as the 
well pressure increased the drilling packer automatically tight- 
ened around the drill pipe, preventing any gas leakage either 
below or above the derrick floor. After the pressure subsided an 
examination was made of all fittings and equipment and as 
nothing was observed to be deranged or disturbed, drilling 
was resumed and the well allowed to flow its natural produc- 
tion from the 8200-ft. pay, together with the drilling fluid 
(clear water). During the process of drilling and while the 
well is flowing, no attention is needed with respect to regu- 
lating the speed of the pumps, since all water pumped down 
the drill pipe is automatically handled regardless of any varia- 
tions in pumping speed. 

2Millikan first used the method of accurate gas measurement while drilling 
in. See his paper, ‘‘Use of Gas Meters for Determination of Pay Strata in 


Oil Sands,’ page 183, A.I.M.E. Petroleum Development and Technology, 
in 1925. 
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Typical chart, showing the steady flow while drilling and the 

increase of gas flow while pumps are shut down. Note also 

that no change in rate of gas flow has occurred during the 
24-hour run, indicating no additional pay penetrated. 


water-white oil from’ the 
8200-ft. pay, which had been 
closely observed in isolation 
during the previous ten days. 
Without disturbing opera- 
tions, drilling progressed and 
no additional dark oil was observed until a depth of 8758-ft. 
was reached, at which point an additional flow of 1,200,000 
cu. ft. of gas daily was indicated on the meter within 20 min- 
utes after encountering a soft spot in the lime. This was ac- 
companied by some 800 bbl. additional oil. The penetration of 
the Ordovician was continued to 8800 ft., at which point an 
additional daily flow of 1,400,000 cu. ft. of gas was encoun- 
tered, accompanied by an additional 900 bbl. of heavy oil. 

Although no coring was done in this well below the 7%- 
in. casing seat the information gained from keeping the well 
alive while drilling disclosed for the first time the true produc- 
tivity of the 8200-ft. pay; it revealed also that the section 
lying between the 8200-ft. pay and the Ordovician are barren 
of oil; that the Ordovician is productive only in certain select 
open spots in the lime; and that in this location it is probably 
cavernous rather than of a uniform porosity. The operations 
as carried out during the past seven months on wells 7-C and 
8-C have indicated that hydraulic pressure-control completion 
methods for these deep high-pressure wells offer a degree of 
safety considerably beyond that obtained by the most ad- 
vanced conventional rotary completion methods that have 
hitherto been in use in this field. 

As future deep completions in the Big Lake field may be 
of a semi-waldcat character, the pressure-control system of 
completion will be advantageous in disclosing an accurate 
knowledge of any new productive formations encountered. 
In addition to the operating economies effected through the 
elimination of coring and testing as normally practiced in this 
field, the information regarding the true productive character 
of the formation is invaluable from a geological standpoint. 
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Modern Pipestill Heater Design 








By W. L. NELSON a 


Professor of Petroleum Refining | 
University of Tulsa 


HE pipestill heater has been gen- — 

erally accepted as the most useful 
equipment for heating oil. Among the 
advantages of the pipestill over the 
shell-still are: (1) Economies of con- 
tinuous operation; (2) Control of the 
rate of heating; (3) Higher average 
rates of heat transfer; (4) Flexibility 
in operation; (5) Safety regarding fire 
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| Article 1... DESIGN 
FUNDAMENTALS 


furnace interior so that the single tube 
receives a much larger amount of radia- 
tion per unit of surface. At the same 
time, the single tube absorbs a smaller 
percentage of the total heat even 
though its unit rate of absorption is 


high. 


The ratio of air to fuel is important 
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hazard; (6) Operability because of 
compact design. 

While stills are commonly classified 
as radiant type, convection type, re- 
circulating type, etc., the fundamentals 
underlying the design of all of these 
types are the same. Most stills consist 
of a section in which heat is absorbed 
largely by radiation and of another in 
which heat is absorbed by convection; 
hence the Radiant and Convection sec- 


equipment. 





This is the first of three articles 
by Professor W. L. Nelson on 
the design of pipestill heaters. 
We feel sure that these will cre- 
ate as much interest as the four 
popular articles published a year 
ago by Nelson and Souders on 
the design of fractionating 


mainly because it affects the flame tem- 
perature. The larger the quantity of 
air (or products of combustion) that 
must be heated up in the flame, the 
lower will be the resultant flame tem- 
perature. Thus, large quantities of ex- 
cess air reduce the percentage of radi- 
ant absorption. For the same reasons the 
recirculation of flue gas also reduces the 
flame temperature, but air preheat in- 
creases the flame temperature. Obvi- 
ously, the higher the flame temperature 


—Editor. 








tions of a pipestill. These two sections 

are not distinct in the ordinary still, inasmuch as some radia- 
tion penetrates for a distance of a few tubes into the con- 
vection section and the circulation of the gas in the combus- 
tion chamber causes a small amount of heat to be transferred 
by convection. Recirculation of a part of the flue gas pro- 
vides a means of controlling the relative amount of heat 
absorption in the two sections. The larger the quantity of 
gas recirculated, the lower the percentage of radiant absorp- 
tion and the greater the percentage of convection absorption. 
Air preheat has just the opposite effect, that is, to increase the 
radiant absorption. 


Radiant Absorption Rate 


Radiation between solid surfaces is dependent upon the 
fourth power of the temperature difference and upon a con- 
stant, the value of which is determined by the kind of ma- 
terial and the condition of the surface. Radiation from a 
flame, as in pipestill or boiler furnaces, is governed by the 
same laws except that the size of the flame and the conditions 
within the flame are so difficult to evaluate that empirical 
relationships have been found to be more useful. The most 
important factors affecting the radiation from flames are: 
(1) Percentage of total heat in fuel that is absorbed as radi- 
ant heat; (2) Ratio of air to fuel; (3) Arrangement and 
spacing of absorbing surface; (4) Kind of fuel. 

Regarding the first of these, let us consider a flame burning 
within a furnace whose walls consist entirely of absorbing 
surface. Rays of radiation proceed in all directions from the 
flame and with the exception of the small amount of heat 
that is used in heating the intervening gas, all the heat from 
the flame is absorbed on the radiant surface. In this case a 
large percentage of the heat is transferred by radiation, al- 
though the rate of heat absorption per sq. ft. of surface is 
quite low. If all the absorbing surface is removed from such 
a furnace except a single tube, then the radiation strikes the 
refractory walls and is reflected or re-radiated about the 
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the greater the emission of radiation. 

The arrangement of the heating surface also affects the 
rate of radiant absorption. The closer the surface is to the 
flame the greater the amount of radiation falling on it. Thus 
corners and ends of furnaces receive less radiation than other 
surfaces. 

These factors have been related by Wilson, Lobo and Hot- 
tel’ by the following equation: 


In which— 


R = fraction of heat (above 60 deg. fahr.) absorbed by 
the cold surfaces in the combustion chamber. 


G = air-fuel rat:o. Lb. of combustion products per lb. of 
fuel. For flue gas recirculation: Lb. of combustion 
products and recirculated gases per lb. of fuel. 


Q = total net heating value of fuel plus any heat (above 
60 deg. fahr.) added otherwise — B.t.u./hr. 


A = rea of flame replacing tubes — sq. ft. (projected 
area). 


a =a factor by which A is multiplied to obtain the ef- 
fective cool surface. Usually = 0.98. 


This equation applies to any conventional box-type furnace 
with radiant tubes any number of rows deep, with or with- 
out air preheat; with or without flue gas recirculation; and 
with any percentage of excess air. The factor a may be ob- 
tained from charts in the original articles for any spacing 
condition of the tubes but for normal tube arrangements, such 
as two rows of tubes spaced at a center to center of about 
twice the tube diameter, the value of a is 0.98. 


A study of this equation for the effect of the fuel is inter- 
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Rusu Oul BAPE used directly in the design of simple furnaces, 
Dev Gas (see Tagce I) but it should not be used for furnaces using 
air preheat or flue gas recirculation. With 

eo proper burners and experienced firemen it js 
- fog eddie r \ always possible to fire with less than 25 per 


Saul bts cent excess air. In the past, many furnaces 
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ay Gas | —— . . oa 
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\ customary absorption rates for various oil 


velocities and types of operation will be dis- 
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“ \ cussed in a succeeding paper. 
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If a low rate of absorption is not desirable, 
but gas is available and must be burned, a mix- 
4 ture of oil and gas may be fired together. The 
KA a luminosity of radiating power of such flames 
NR ’ appears to be almost as good as for pure oil 
aa O*c flames. Hence, for such mixed flames the 
Bote | 254e curves in Fig. 1 for oil flames may be used. 
The radiating power of these mixed flames 
may be explained by considering the carbon 
particles in an o:l flame as radiators. These 
carbon radiators also exist in the mixed flame. 
The heat generated in burning the gas heats 
the carbon particles by conduction and they 
in turn radiate this heat to the surroundings. 
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Fig. |—Radiant absorption rate for simple pipestills — Absorption Distien 
esting. Table I is based on the fuel analysis, etc., published by 
the author.? The radiant absorption factors and rates of ab- 
sorption per sq. ft. projected area of tube are computed for 
30 per cent excess air when 50,000 B.t.u. are liberated for 
each sq. ft. of projected surface. 


In the convection section heat is transferred by conduc- 
tion from the hot flue gas to the tubes. The empirical formu- 
lation by Monrad® is the best information that is available 
for computing convection rates in pipestills. 
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TABLE I—HEATING VALUE he = cee ae 
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b. fi Fraction B.t.u. 
Gross Net Ll G ue absorbed absorbed ‘ . : 
Ib. fuer PY radiant per sq. ft. he = film coefficient of heat transfer of flue gas flowing 
- section 
- across staggered tubes. 





1. Pure Methane 1009 909 23.5 .443 22,100 G = Mass velocity of gas at minimum cross section ( lb. 
2. Dry Natural Gas 1160 1051 23.2 .445 22,200 ; . f Thi ay be ily 
3. Wet Cracked Gas 2058 1893 22.0 .462 23,200 per sec. per sq.ft.) [his may be most easily com- 
4. Wet Natural Gas 1360 1239 21.0 .482 24,100 puted as the linear velocity times the density. 
5. 24.4 A.P.I. Ky. T = Gas temperature deg. fahr. 
Topped Crude 19358 18168 19.7 485 24,250 p= Tube diameter in inches. 
6. 9.2 A.P.I. Cracked , . . ‘ 
Tar (M.C.) 18274 17324 18.8 .497 24,850 This formula applies to any conventional convection sec- 
7. 7.6 A.P.I. Resid. tion arrangement. However, the coefficient as computed above 
Fuel Oil (Cal.) 17970 17075 18.4 502 25,100 is a pure convection coefficient and does not include the radia- 
a ‘leon Coal ii. dee tae 6m sane tion that falls on the first few rows of the convection sec- 





tion. The exact quantity of this radiation effect will be dis- 
cussed in a later paper. The effect of flue gas velocity is illus- 
trated by the following computations for a temperature of 
1000 deg. fahr., and a diameter of 4 inches. 





*Of questionable value since the above formula is not for solid fuels. 











Thus, the ordinary refinery fuels do not appear to give 


largely different rates of radiation. However, the gas flames Velocity Convection 

give a slightly milder rate of heating. ft./sec. Coefficient 
The effect of the percentage of excess air is given in Fig. 1. S$ - - = = = = = = 2.2 

The radiation rates for the two extreme fuels, that is, dry 0 - - - - = = = = 3.5 

natural gas and heavy fuel oil, are shown for 0, 25, 50 and 100 Bene we oe se ee OR 

per cent excess air. Other fuels can be represented by lines Mw we ht ee es ee BB 

between these two extremes. Table I will be useful in judging 25 - - - - - - - - 64 

the approximate position of these lines. This chart may be M+ - «+ &» = = © = JQ 
1**Heat Transmission in Radiant Sections of Tube Stills’’ Ind. Eng. Chem. ee ee ee Re 

a“ Pia Comberton Calculations,’’ The Petroleum Engineer, page 44, 3**Heat Transmission in Convection Sections of Pipestills’’ Ind. Eng. Ch. 

February, 1933. 24 :505 (1932). 
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Although the quantity of heat that is 





transferred may be increased almost four- 
fold by increasing the gas velocity from 








5 ft./sec. to 40 ft./sec., the higher veloci- 
ties are not practical. An economic bal- 
ance of convection velocity against height 


5.0 





of stack (not for forced circulation) 
shows that a velocity of about 15 ft./sec. 
is the optimum. At low velocities, the cost 





of the convection section becomes pro- 
hibitive and at high velocities a very tall 
chimney is required. 45 
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Fig. 2 may be used in determining the 
coeficients of heat transfer in the con- 
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vection section. The coefficients are for 
4-in. O.D. tubing and the coefficients for 
other sizes of tubing may be computed by 4.6 





multiplying the following factors: 
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2-m.O.D. - - - - O795 a Y LZ 
3-in.O.D. - - - - 0.915 &f 
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6-in.O.D. - - - - 1.15 | @00%e7 vr 
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These coefficients are for pure convec- 200° 4 
tion and the small amount of radiation \400°F / 


absorbed in the convection section will be 
discussed in a later paper. Since the gas 7° 
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9 1 
film coefficient (as given in Fig. 2) is the 


controlling factor in the convection sec- 
tions the outside diameters of the tubes should be used in 
determining the amount of surface required. 


Tube Stresses 


The thickness of the tubes may be computed by any of the 
common thick-wall cylinder formulas. However, the tensile 
strengths that are allowable are considerably lower than those 
normally used. Even the tensile strengths at high tempera- 
tures that are commonly used are not satisfactory. In a pipe- 
still the tubes are in service for such a long time that a gradual 
creep or deformation takes place. Allowable creep tensile 
strengths are very low for the conditions found in a pipestill. 
If a total deformation of less than 1 per cent is allowable over 
a period of one year, the allowable creep stress for 0.19-carbon 
steel pipestill tubes is about 600 lb. per sq. inch. Thus the 
tube thickness is seldom less than 17 in. even for low pres- 
sure stills. Certain alloy steels, particularly the 18 per cent 
Cr. 8 per cent Ni steels that are sold under several trade 
names, show allowable creep stresses of more than 4000 lb. 
per sq. in. under the above conditions. 

The creep stress varies greatly with temperature, and hence 
the temperature within the tube wall is of prime importance. 
This temperature may be approximated by applying the com- 
mon resistance concept of heat transfer theory. In the case 
of radiant tubes the quantity of radiation absorbed by a tube 
is almost constant regardless of the velocity or condition of 
the fluid within the tube. Thus the tube wall temperature 
is dependent almost entirely upon the velocity and tempera- 
ture of the fluid within the tube for a given set of radiation 
conditions. For average conditions of velocity and radiation 
rate the average tube temperature is about 250 deg. fahr. 
higher than the oil temperature. As the velocity is increased 
the tube temperature drops until at an actual oil velocity of 
12 ft. per sec. the tube temperature is about 100 deg. fahr. 
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i 12 3 \4 15 16 17 18 19 20 21 
Fig. 2—Convection heat transfer rates 


higher than the oil temperature. Thus the tube temperature 
is about 650 plus 250,or 900 deg. fahr. in the ordinary topping 
still and about 900 plus 100, or 1000 deg. fahr. in cracking 
stills. 


Corrosion 


Sulfide corrosion is common in pipestills. While hydrogen 
sulfide may not be present in the stock, it may be formed by 
the decomposition of organic sulphur compounds. Few of 
the common corrosion resistant materials will withstand sul- 
fide corrosion, but the (1) high chromium steels, (2) 18 per 
cent chromium 8 per cent nickel steels, (3) 8 per cent chro- 
mium 22 per cent nickel steels and (4) chrome-tungsten 
steels, are all satisfactory. However, these steels are expensive 
and cannot be used extensively except for violent corrosion 
and pressure conditions. 

The high temperature oxidation conditions existing within 
a furnace or boiler are so severe that all exposed tube supports, 
etc., must be constructed of alloy steel. Under these conditions, 
ordinary steel fails within a few weeks. All the high percent- 
age chrome, nickel, or tungsten steels are satisfactory but the 
most commonly used is an 18.5 per cent chromium steel. The 
rate at which some of these steels corrode is approximately as 
follows: 


18.5 per cent chomium steel—unity. 


18.5 per cent chrome, 7 per cent nickel, 4 per cent tung- 
sten—one-third as fast as high chromium steel. 


0.17 per cent carbon steel—62 times as fast as the high 
chrome steel. 


While alloy steels are expensive, they are always used for 
these conditions. 
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HOUGH the use of acid in wells is old practice, the 

application of acid treatment to wells by scientific 
methods is new. By subjecting wells to acid treatment in the 
modern way, results are being ob- 
tained that shed a new ray of 
hope to owners of small wells in 
all parts of the country, for the 
production of many small wells 
positively can be brought back 
and old properties put on a more 
secure paying basis. 

For a number of years acid has 
been used in wells for various 
purposes, including recovery of a “fish,” for the removal of 
paraffin, and for cleaning wells. A search of the files of the 
patent office will reveal much information and many claims 
in regard to these uses; and it will also be found on investiga- 
tion that the more recent scientific methods of acid treatment 
of lime wells are also covered by patent claims, most of which 
are in original patents of the Dow Chemical Company of Mid- 
land, Mich., and Pure Oil Company of Chicago. These patents, 
with others, have been acquired by Dowell, Inc., a subsidiary 
of the Dow Chemical Company, recently organized for the 
purpose of continuing exhaustive research on and giving a 
highly specialized technical field service for the acid treatment 
of wells. 

The great danger occasioned by using acid in wells to in- 
crease the production is that the acid does not confine its 
attack to the face of the pay sand or the deposits thereon, but 
is equally destructive to the casing, liner or other metal equip- 
ment usually found in a well. This is the one big factor that 
has been against its use in the past and is the one that has 
retarded progress in the application of acid treatment to wells. 
Careless or unskillful use of acid has caused irreparable damage 
to many wells. 

By the use of inhibitors the destructive action of acids on 
casing and other equipment in the well can be obviated. This 
is one phase of the problem of acid treating that has been 
given great study in more recent years and the results are 
now being put to practical use with remarkable success. A 
greater degree of safety is obtained by means of inhibitors 
and the scope of acid utilization of treatment in wells thereby 
greatly extended. 

Calculations in regard to radial flow in wells under various 
conditions of pressure, gravity of oil, viscosity, surface ten- 
sion, sand porosity, grain size, and other such physical con- 
siderations in the sand, lead to the belief that from 60 to 90 
per cent of the total pressure drop from the outer drainage 
limits of the well to the bore hole actually occurs in the first 
ten feet from the well. By opening up the formation by means 
of acid under a pressure that is in proportion to the calculated 
radial flow pressure drop a straight-line pressure gradient may 
be obtained and hence an increase in production from the 
well. 

Satisfactory results from acid treatment of dolomitic for- 
mations are not so easy to obtain as those from wells produc- 
ing from formations running from 60 to 90 per cent calcium 
carbonate. Chalk rock wells often run as high as 98 per cent 
calcium carbonate and require a high pressure in order to 
get a rapid dispersion of the acid treatment; otherwise the 
total reaction is likely to be spent within the well cavity and 
the reduction of the pressure gradient line not attained. 
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Use of inhibitors has ex- 
tended the possibilities and 
scope of acid treatment 


on By K. ©, 


With further perfection of suitable chemicals and the 
technique, acid treatment applied to all wells upon their com- 
pletion is foreseen as a great future development. There have 
been several cases where a well 
completed in a lime area, appar- 
ently as a duster that otherwise 
would have been abandoned, has 
been made into a producer by acid 
treatment intelligently applied. 
Many fields producing from a 
lime formation are notorious for 
the great extremes of irregular- 
ity the wells show in their capac- 
ity to produce. These irregularities can in most cases be traced 
to a marked non-uniformity of porosity or voids in the lime 
formation into which a well is drilled. Much research work is 
now being done on the problem of treating lime wells. 

Investigations are also being assiduously pursued on the 
treatment suitable for sand wells. Some progress is being made 
and the results are being closely observed and correlated with 
a diagnosis of the well condition with the object of putting 
them into immediate practical use in the field. The problem of 
obtaining a residue in sand wells that will be easily removable 
from the pores is a formidable difficulty in this connection 
and has not yet been completely solved. 

It is confidently expected that once suitable chemical treat- 
ment for both sand and lime are perfected, the effective drain- 
age area of any particular well will be increased in all probabil- 
ity within a range of from 30 to 50 per cent. It can be seen 
therefore that acid treatment of wells offers great economic 
possibilities and no doubt the next decade will see great 
progress in this phase of oil field practice. 

A great deal of the research work on acid treatment has 
been carried on in the Michigan fields. One company reports 
that in its wells there it has used with gratifying results com- 
mercial hydrochloric acid of 18 degrees gravity along with an 
inhibitor. By diluting the inhibited acid with an equal quan- 
tity of water it was found that the average amount of the 
resulting solution used per well was about 1000 gallons. 

In using this treatment on its wells in the Muskegon field, 
this company has followed the procedure of removing the 
pump or other equipment in the tubing so that the tubing is 
open-ended and there is no obstruction to flow. In some cases 
it is advisable to raise or lower the tubing so that the bottom 
or the perforations are opposite the best pay zone. Oil is then 
pumped into the well through tubing until a sufficient amount 
has been added either to kill the well or to load it up com- 
pletely with oil. Where there is sufficient rock pressure, as in 
the Mt. Pleasant field, Michigan, the hole is completely filled 
with oil. In the Muskegon field, where the pressures are lower, 
it is seldom possible to fill the well completely. In either 
case, from 80 to 100 barrels of oil are run into the well at a 
rate faster than the formations will take it, thereby causing 
an artificial differential pressure to be established between 
the well and the formation. At Mt. Pleasant this oil is gen- 
erally pumped into tubing, while at Muskegon much of it is 
flowed by gravity into tubing from lease tanks. Very little 
pressure is required to pump the oil into the well. This opera- 
tion takes from 45 minutes to one hour. 

When the well is thus artificially loaded up connections are 
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changed so that acid may be introduced into the well through 
tubing, for which purpose 2-in. pipe and regular connections 
are generally used. The time taken for this operation 
is only from 10 to 15 minutes. 

Acid is then pumped into the 
tubing and, while it is be:ng M ethod of 
pumped, the casing head is shut in 
and the pressure allowed to build 
up, thereby increasing the dif- 
ferential pressure at the bottom 
of the hole. It is generally desir- 
able to keep the casinghead pres- 
sure as high as 350 Ib. at least, 
above which point it is relieved through the casing head or by 
slowing down the pump. While this pressure is being held on 
the casing the tubing pressure increases to an average maxi- 
mum of 100 to 150 pounds. When best results are had the 
pressure is observed to drop very rapidly as soon as acid comes 
in contact with the limestone. As a rule the pressure drop 
occurs when from 10 bbl. to 14 bbl. of acid have been pumped 
into the well, and this pressure drop, which occasionally has 
been observed to be as much as from 350 lb. to a vacuum, is 
due to the acid attacking the limestone and opening up chan- 
nels in the formation, thereby permitting free access of acid 
to the limestone and equalizing pressures between the well 
and the formation. It is found that the greater the drop in 
pressure the more indicative it is of rapid and deep penetra- 
tion of the acid into the formation. The time required for 
this operation depends on the amount of chemical used; in 
general it is found that it requires 15 minutes for 500 gallons 
and 30 minutes for 1000 gallons. 

As soon as all the acid is in the tubing the well is again 
connected up to run oil into the tubing, an operation that 
consumes only from five to ten minutes. As there is generally 
a vacuum, or at least a very low pressure on both the tubing 
and the casing, it is a comparatively easy matter to run 
sufficient oil into the tubing to displace completely the acid 
in the tubing. The oil is either pumped or flowed from tanks 
into the well, depending on the particular conditions. For ex- 
ample, in Mt. Pleasant, with 3500 ft. of 2-in. or 2'%-in. 
tubing, it is customary to use 20 to 25 bbl. of oil, thus allow- 
ing a safe margin for completely washing the tubing. During 
this period the pressures are very low and are frequently below 
atmospheric. When this oil is in the hole the treatment is com- 
pleted so far as the special equipment is concerned. This part 
of the operation consumes from 30 to 40 minutes. For the 
whole operation the total time consumed, allowing for no de- 
lays, is from 2% to 3 hours. : 


After this the well is allowed to stand so as to permit the 
acid to complete its solvent action on the limestone. This 
reaction is Ca CO, + HCL=Ca Clo+H20+C Os. 
How long the well is allowed to stand depends on the com- 
pany’s practice using the treatment and the conditions in 
the well. One company opens up its wells after 12 hours; 
others allow their wells to stand for 24 hours at least before 
opening up, which is generally believed to be the better prac- 
tice. One company tested the water pumped from its wells 
that were being acid treated and found that after 36 hours 
the acid was fairly active, after 49 hours the acid was slightly 
less active, and after 60 hours the acid was entirely spent. On 
the basis of this information it would seem that these wells 
should be allowed to stand for at least 36 hours. 
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After allowing wells to stand the necessary time they are 
then put back again on production. If a flowing well it is 
swabbed in, and if a pumping well it is put back on the pump. 

In Kansas, Oklahoma, Texas 
and Louisiana the procedure used 
in Michigan fields as here out- 
lined for acid treatment, has been 
followed. 

Originally, inhibitors used were 
arsenous trioxide and other ar- 
senic compounds. More recently 
special organic compounds have 
been developed and are now in use. 

Some of the latest research work in treating wells with 
chemicals covers compounds for the dissolving of paraffin in 
a manner such that it does not, in combining with the residue 
left from the acid reaction, form a sticky plastic mass that 
is liable to clog the face of the pay sand and seal off the pro- 
duction. To accelerate reaction certain proportions of sul- 
phuric acid have been added to the hydrochloric acid. Too 
much sulphuric acid, however, promotes the formation of 
insoluble residues. Other chemicals have been developed that 
are soluble in oil but coagulate or congeal on contact with 
those parts of the formation that produce water, thus form- 
ing a more or less effective water shutoff. Compounds have 
also been developed that are insoluble in oil, acid, or water, 
and that have a specific gravity greater than any of the three. 
By the use of these compounds it is possible to limit the area 
of chemical reaction to only that part of the producing for- 
mation that still produces oil. 

In wells of extremely low formational pressure, consider- 
able difficulty is experienced in removing the residue resulting 
from the chemical reaction. Frequently this necessitates wash- 
ing or cleaning with a pneumatic bailer or may involve sev- 
eral tubing pulling jobs. 

In the Breckenridge district, Texas, many stripper wells 
have been successfully treated with acid, whereby the wells 
have been rejuvenated and made to produce on a more profit- 
able basis. The practice of acid treating of small wells in this 
area is spreading rapidly and in a majority of cases the results 
obtained are beyond the most sanguine expectations. Of course 
the success being obtained now is the result of applying the 
chemical treatment systematically and with due regard to 
the prevailing well conditions. Usually a diagnosis is made of 
the well and a treatment prescribed accordingly. In this way 
the use of acid with an inhibitor either does the work or it 
does not; when it does, the results are usually quite profitable, 
however, when it does not, little harm is done to the well. 


It is found that on the whole the average increase in pro- 
duction on a well that has had proper and efficient acid treat- 
ment is of the order of three to one; that is, the production 
of wells after treatment is approximately three times what 
it was before the treatment. Some of the greatest difficulties 
that have been encountered in treating small wells, however, 
are mechanical in nature rather than chemical. There is often 
difficulty in isolating the parts of the well it is desired to 
treat. So far as the mechanical aspects are concerned, great 
progress has been made and the difficulties encountered are 
being gradually overcome. It is quite possible that when many 
of the mechanical difficulties that now beset acid treatment 
methods are overcome, acid treatment will be successfully 
applied to wells of all kinds and under almost all conditions. 
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The lraq Pipe Line... 
Trade Importance ... 


An unusual variety of topo- 
graphical conditions and cli- 
matic considerations add to 
difficulties of construction 


INCE Biblical days oil has been known and used in Iraq 
(originally called Mesopotamia) and the country might 
well be designated the birthplace of petroleum. However, 
Iraq was not accorded international attention as a factor in the 
petroleum industry until 1932, when plans were announced 
for the construction of a 1180-mile pipe line to carry approxi- 
mately 4,000,000 tons (30,000,000 bbl.) of oil annually 
from interior fields to loading docks on the Mediterranean sea. 
It was then that the eyes of the petroleum world became 
focused on Iraq and widespread speculation was made as to 
the country’s potential importance. 

The Iraq pipe line’s sea-terminals are along one of the great 
trade routes of the world and in a site easily accessible to all 
leading European and Asiatic crude markets. It is anticipated 
that additional developments in the producing fields will be 
started as soon as this line is finished and it is possible that 
the large proved, but undeveloped, oil fields may become a 
highly important factor in the crude oil market of the world. 

It is probable that this first pipe line outlet fom Iraq may 
be followed by the construction of another, since the British 
Oil Development Company, recently granted a concession to 
work petroleum deposits west of the Tigris river (an area in- 
cluding known commercial production), contemplates the 
building of a transportation outlet from Mosul to Alexan- 
dretta on the Mediterranean. ; 

It is impossible to determine, at this time, exactly how 
great a factor Iraq will become in the competitive interna- 
tional crude market, the amount of oil the country may be 
producing five years or ten years hence, of course, being in- 
calculable. However, the sinking of some 30 wells, practically 
all prolific producers, proves that oil exists in considerable 
quantities in the Kirkuk field. This fact, together with the 
knowledge of the existence of oil near Mosul on British Oil 
Development concessions and the vast region, as yet not tested, 
indicates that the country’s possibilities are indeed consider- 
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able. Furthermore, Iraq’s position in the crude market is being 
attained only by the expenditure of vast sums of money for 
providing production and transportation facilities and it may 
be assumed that the large petroleum companies engaged in 
the development would not authorize the expenditures unless 
they felt certain of profiting by them. 

The terms of the contracts by which the operating com- 
panies have committed themselves to the Iraq government 
and the capacities of the pipe lines now being laid are prac- 
tically the only available indices to future production. The 
Iraq Petroleum Company’s contract calls for the production 
and shipment of not less than 3,000,000 tons annually and 
the minimum requirement of the B.O.D. is 1,000,000 tons 
per year. The Iraq line will have an excess capacity of 1,000,- 
000 tons over its contract requirements. The 30,000,000-bbl. 
capacity of this line is a comparatively small portion of the 
world’s production of 1,305,563,000 bbl. during the year 
1932, but practically all Iraq’s oil will be offered for export 
as the local consumption requirements, at least for many years 
to come, will be inconsiderable. 

The development of Iraq’s petroliferous areas has been un- 
usually slow, due to the constant international struggle for 
supremacy over the region during the past two decades; but it 
has now become a new independent nation, and after so strong 
an opening bid as it has made it is not likely that it will be 
content to wait longer than necessary to make petroleum de- 
posits contribute to the state’s support. 

A review of the country’s past oil history shows how rapidly 
during the past few years Iraq has progressed. The early in- 
habitants of this territory used pitch and bitumen, a form of 
crude oil, for many primitive uses. The bitumen springs that 
exist today at various places in the villages of the Tigris and 
the Euphrates rivers, in all likelihood, were the source of the 
pitch with which Noah made the ark seaworthy. In no other 
part of the world has petroleum been known and utilized by 
mankind over such a long period of time; however, devel- 
opment was so slow that prior to the Great War the only oil 
activity, outside of minor exploitation, was that of natives 
who skimmed small amounts from the many seepages and re- 
fined it in a primitive type of earthen still. 

Although the first concession to search for oil in Iraq was 
granted 31 years ago, the first actual development was during 
the World War when the Germans drilled several shallow, 
small producers. After the World War the Anglo-Persian Oil 


T he PETROLEUM ENGINEER 





By WARREN 








L. B 





RE 


L. BAKER 








Company completed the first well in the deeper horizons. The 
most important discovery has been the opening of the famous 
Kirkuk field in 1927 by the Turkish Petroleum Company, 
Ltd., later renamed the Iraq Petroleum Company. The dis- 
covery well flowed at the rate of 60,000 bbl. per day until it 
was shut in. So far as developments to date have been able 
to determine the limits of this field, it is approximately 40 
miles long and about two miles wide. The other most im- 
portant strikes have been at Quaiyareh, near Mosul, and at 
Naft Khaneh, which are roughly 75 to 100 miles apart. 
Very little has been done since the discovery of these fields 
because of the lack of any market. 

Reports from the Near East indicate that 250 miles of 
pipe on the Iraq Petroleum Company’s line have been laid, 
while 625 miles of telephone and telegraph lines have been 
strung westward from Kirkuk, eastern terminal of the line. 


Since the Tigris and Euphrates river crossings were installed 
during the last dry season, it now seems probable the whole 
project may be completed somewhat sooner than was first ex- 
pected (early part of 1935). Barring unforeseen difficulties, 
Iraq oil may assume a place in the world crude market during 
the next year. During the past three months considerable 
time has been lost due to heavy rains, but now that the rainy 
season is Over, it is anticipated splendid time will be made. 

At the present time four gangs are working on the line. 
One is located at Kirkuk, another is at Fatha, on the Tigris 
river; a third is working east from Tripoli, the French sea 
terminal, in Syria; and a fourth is laying pipe in the Jordan 
valley, east of the River Jordan. More than 5000 workmen are 
employed on the project, which is expected to cost more than 
$50,000,000. 

Much of the pipe for the line is now in Iraq and the re- 
mainder is being shipped. It has been delivered from the 
mills to the port of Basrah, then hauled inland by new special 
trains of the Iraq railways to convenient distributing points 
before being strung along the right-of-way. Much of the 
stringing of the pipe is being done from the town of Baiji. It 
is frequently hauled by tractors to distances 100 miles away 
from this village. Hauling of pipe continues night and day. 
Driver camps have been established about every 30 miles 
along the routes and upon reaching one of these camps the 
driver changes grease and oil and makes an inspection; then 
the tractor continues on to its destination. All the 12-in. pipe 
for use on this line was purchased in Europe. French plants 
received orders for 49,000 tons, English plants 33,000 tons 
and 18,000 tons went to German plants. Of the 10-in. pipe, 
English plants are manufacturing 2000 tons, German plants 
6000 tons and United States plants 8000 tons. The United 
States Steel Products received orders for 6400 tons of the 
American quota and Spang, Chalfant & Company 1600 tons. 

The main pipe line itself will be of seamless steel tubing 
12-in. in diameter, with short sections of 10-in. diameter 
line at points of high pressure. All joints will be welded, and 
the line will be buried to a depth of about three feet through- 
out its length. 

The line will run in duplicate from the oil field at Kirkuk 
to Haditha (Stations K-1 to K-3 on the map), a point just 
west of the Euphrates river, where it bifurcates. The southern 
section of the line will pass through Rutbah (between stations 
H-2 and H-3) and terminate at Haifa on the Mediterranean 
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sea, a distance of 467 miles from Haditha. The northern divis- 
ion of the line will be mainly within French Syria and runs 
practically due west from Haditha to Palmyra (between 
Stations T-3 and T-4), thence to the northern terminal at 
Tripoli, a distance of 381 miles. 


At Haifa, British interests plan to establish refineries, and 
the various products derived from the natural oil will be 
loaded on tanks. Much improvement work has been and is 
being done on the Haifa harbor to accommodate the antici- 
pated increase in shipments. There will be more than 300 
acres of sheltered water enclosed by two great breakwaters, 
one of them about 11 miles long and the other about half 
a mile in length. This harbor will be able to accommodate 
three or four large ocean-going ships, as well as coasters, light- 
ers and other small craft. French interests propose no refineries 
at Tripoli, where neither town nor harbor offers suitable facili- 


Accessibility to markets will 
make Iraq international factor 


Construction Progress and Problems 


ties. This division of the line will be extended for some dis- 
tance into the sea, where the oil will be picked up by tankers 
lying in the bay. 

When finished, crude oil will be pumped through the line 
by 12 pumping stations, the first three of which will be 
equipped with duplicate plants for the double line. The re- 
maining stations—that is, all those on the single sections of 
the line—will have single pumping sets. Every station will 
be complete in itself, with necessary storage tankage, work- 
shops and accommodations for the operating staff. 

These stations will be powered by Diesel engines of 500-hp., 
delivering against a line pressure of from 500 to 800 pounds. 
Forty-five 4-cycle engines have been ordered and it is planned 
to operate them at about 300 r.p.m. Of the number, 15 will 
be built by Harland & Wolff, Ltd., at Glasgow, Scotland, and 
12 by Werkspoor at Amsterdam, Holland. The remaining 18 
will be of the Sulzer type, nine constructed by Armstrong, 
Whitworth & Co., and a like number by the Cie de Construc- 
tion Mecaniques Procedes Sulzer. Forty-five 63/,-in. by 24-in. 
horizontal duplex double-acting forged-fluid-end pumps, with 
single reduction helical gears and all moving parts entirely 
enclosed have been ordered by the Iraq Petroleum Company 
from the Worthington-Simpson Works, British subsidiary of 
the Worthington Pump and Machinery Corporation. 

The country that the lines traverse is of varying topog- 
raphy, from loose blown sand hills, sand and clay deserts, salt 
marshes, swamps, gypsum hills, rolling stony territory, and 
rocky mountainous regions to a 100-mile-wide lava belt and 
one area below sea-level. The lava belt, found on the southern 
branch of the line, is 60 miles west of the Trans-Jordan bor- 
der in the vicinity of Stations H-4 and H-5 and continues 
westward 100 miles. Construction in this country will pre- 
sent one of the greatest difficulties in the building of the line 
and for that reason work has already commenced in the 
region. 

The lava is a basalt rock, appearing in some places as a 
solid sheet and in others as loose boulders, varying in size 
from four inches to six feet in diameter, and there are some 
places where regular solid mounds from 30 to 50 ft. in height 
and 150 to 250 ft. wide at the bottom have been formed. 
Whenever possible, the pipe line will be swung around these 
mounds. , 
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There is practically no earth in 
the lava country it is so rocky, 
but during the summer it is very 
hard to see, or breathe, as the 
dust worn off the lava boulders 
for many centuries is impalpable 
and abrasive. 

Buckeye 32 ditchers are being 
used as much as possible but 
when they are unable to make 
ditch, paving breakers are em- 
ployed to punch holes between 
the rocks and then light charges 
of dynam:te used to loosen the 
larger boulders, after which na- 
tive coolies break them up and 
throw them aside. 

Modern methods of pipe line 
construction call for a variety of 
types of equipment, such as 
Caterpillar cranes for pipe laying, power, drainage and back- 
filling machines, air compressors, generating units for weld- 
ing, etc. In cultivated territory a ditching machine moving 
about a mile a day cuts a trench as it proceeds. Where the 
surface is rocky, a large party of Arabs clear the way, and 
dynamite is used for removing solid rock. 

The main portion of the line runs through desert country, 
which is to a very large extent uninhabited, and is waterless 
for much of the year. The desert, which for the most part 
lies at approximately 2000 ft. above sea-level, is subject to 
fairly considerable extremes of heat and cold, and during 
part of the winter months a heavy rainfall turns the alluvial 
portion of the route into a quagmire. The numerous creeks 
to be crossed, though they form no obstacle during the sum- 
mer, frequently in the wet season become, in a few hours, 
raging torrents that are quite impassable to any form of 
transportation. 


In the day-after-day transport of essential supplies across 
this rough desert country with its lack of roads, scarcity of 
water, high temperatures, and occasional deep creek or river 
beds, salt marshes, etc., automotive equipment will have to 
prove its mettle in a variety of most difficult tests. Grades 
are frequently steep and the lava section presents its own 
peculiar difficulties. The transportation of pipe and essential 
supplies in this territory, even when the boulders have been 
removed from the roadway, is being accomplished with dif- 
ficulty because of the highly abrasive sand and dust. Although 
road construction is being rapidly pushed to facilitate trans- 
portation, it is necessary to employ several different types of 
modern transport vehicles to negotiate the country, these 
varying from the ordinary 30-cwt. truck up to the most 
elaborate Caterpillar type motor vehicle. The fastest speed 
an automobile can make through this exceptionally rocky 
lava belt is but eight miles an hour. 

To facilitate the transportation of supplies across the Tigris 
and Euphrates rivers, blondins, consisting of a conveyor run- 
ning on a suspended wire rope between towers on each bank 
of the river, have been constructed. Cables have been stretched 
between towers of 140 and 130 ft. in height, with interven- 
ing spans of 1985 ft. in the case of the Tigris and 1830 ft. 
over the Euphrates. The one crossing the Tigris river has a 
carrying capacity of 31/, tons per load, while the one across 
the Euphrates is capable of handling 10 tons. The use of fer- 
ries over these rivers is feasible during the drier seasons of 
the year, but the blondins were needed during the flood 
period. 

Two tri-motored airplanes have been purchased by the 
Iraq Petroleum Company and are being used in connection 
with the laying of the Iraq pipe line, as a mode of tansporta- 
tion by local managers in supervising the vast amount of 
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Caterpillar tractor hauling 50 tons of pipe on Athey wagons. It is en route from Baiji to Haditha, 
a distance of 94 miles 


materials in transport now in progress and speed up the work 
in many ways. 

One of the most important and troublesome problems has 
been the procuring of adequate water supplies. There are a 
number of wells already in existence along the route through 
the desert and other wells are now being drilled along both 
the northern and southern lines. Some of the water that has 
been found, particularly along the northern route, has a 
high salinity and some difficulty is being experienced in 
using it. 

Of considerable interest is the wide variance in elevation 
of the country through which the line passes. The summit 
of the line will be reached on the southern division about 35 
miles west of Station H-4, where it crosses the slope of an 
extinct volcano at 3150 feet. Eighteen miles east of the Jor- 
dan river the elevation is 2600 ft. above sea-level, it then 
drops rapidly to an elevation of 850 ft. below sea-level as it 
crosses the Jordan valley. Ten miles beyond the Jordan river 
the elevation increases again to 750 ft. above sea-level. 

A necessary preliminary to the construction of a pipe line 
of such length in a country so largely uninhabited has been 
the erection of temporary buildings to be used as offices, 
stores, workshops and garages. Another essential preliminary 
to the major work is the erection of telegraph and telephone 
lines along the route. Work on this part of the project was 
commenced on November 1, 1932, and has been progressing 
smoothly. When completed the telephone and telegraph sys- 
tems will require 26,350 poles and more than 4000 miles 
of wire. 

A significant fact that might be emphasized in connection 
with the building of this great pipe line is the constructive 
step in international codperation. It is proceeding as the com- 
bined effort of three nations and seven great petroleum com- 
panies. Holdings in the Iraq Petroleum Company are as fol- 
lows: 

The Anglo-Saxon Petroleum Company-. 
(Royal Dutch-Shell Group) 

D’Arcy Exploration Company----....-- 
(Anglo-Persian Group) 

Compagnie Frangaise Des Petroles___- 
(French Interests) 

Near East Development Corporation 
(American Group) * 

Participations & Investments Ltd._.___-____- 
(C. S. Gulbenkian Interests) 

The development of Iraq petroleum resources and the build- 
ing of its transportation outlet by so powerful an international 
organization is the first time the interests of so many big pe- 
troleum companies and nations have been behind the execution 
of any one single exploitation and construction project in the 
history of the oil industry. 


23.75 per cent 
23.75 per cent 
23.75 per cent 
23.75 per cent 


5.00 per cent 


*Standard Oil Company of New Jersey, Socony-Vacuum Corporation, and 
the Gulf Oil Corporation. 
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Repressuring Oil Sands 


By S. F. SHAW 


Consulting Engineer 
San Antonio, Texas 


HE first successful application of repressuring to oil 

sands is believed to have been made in 1911 by I. L. 
Dunn, near Chesterfield, Ohio.. The method made progress 
rather slowly in the first few years following this test, and 
most of that progress was confined to the Eastern fields of 
the United States. 

In the spring of 1924, three small gas repressuring projects 
were under way in Oklahoma, but there were no air repres- 
suring plants in operation. In Texas, the process had not been 
tried. In Kansas there were five successful plants, besides 
which there had been 12 failures, these failures being confined 
to the Chanute area, Kansas.” In 1926, however, there were 
80 plants operating or building in Oklahoma, 22 successful 
plants in Kansas, and 10 plants operating in Texas. One of 
the first successful projects on which operating details were 
published is that of the Elliott pool, near Lenapah, Nowata 
County, Oklahoma,® where repressuring by air was started 
in July, 1924. 

Various projects followed these first trials, among which 
some of the most ,outstanding are the following: Brundred 
Oil Corporation, in Miami County, Kansas, started in 1922; 
Wiser Oil Company, Nowata County, Oklahoma, started in 
December, 1925; Saxet Oil Co., Petrolia, Texas, started in 
February, 1926; Midwest Refining Company, Salt Creek, 
Wyoming, started in March, 1926; Carter Oil Company, and 
others, Burbank, Okla., started in September, 1926; Delaware 
Construction Company, Nowata County, Oklahoma, started 
in October, 1926; Shell Petroleum Corporation and Gypsy 
Oil Company, Tonkawa, Okla., started in 1926; Empire Gas 
and Fuel Company, Eldorado, Kan.; Swiss Oil Company, 
Union District, Kentucky, started in March, 1929; Ohio Oil 





1J. O. Lewis. ‘‘Methods for Increasing the Recovery from Oil Sands.’’ Bu- 
reau of Mines, Bull. 148 (1917) p. 36. 


J. E. Roth. “Application of Pressure to Elliott Pool, Nowata County, 
Oklahoma.”’ Trans. A.I.M.E. Pet. Dev. & Tech., 1926, p. 195. 


3J. E. Roth. See (2). 
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Company, and others, Haynesville, La., started in August, 
1929; Humble Oil and Refining Company, Olney, Texas, 
started in January, 1930. 

Considerable attention has been given to the various fac- 
tors entering into the repressuring of oil sands, and many 
different opinions have been expressed as to the best method 
of procedure. For example, it has been held by some operators 
that repressuring is more successful if the intake wells are 
placed on the lower part of the structure, allowing the air 
or gas to move the oil up the structure; others are as firmly 
convinced that it is better to place the intake wells high on 
the structure in order that the gas may drive the oil down- 
ward toward the producing wells; still other operators do 
not pay much attention to the structure, but give greater at- 
tention to the relative spacing of wells in patterns, and in 
employing for gas intake wells those wells that do not affect 
the production greatly if they be taken off the list of 
producers. 

There seem to be no positive conditions observable that 
will foretell whether or not repressuring will be successful. 
It has been found in a good many instances that repressuring 
has worked out as a success; it has also been found in a good 
many cases that repressuring has not been successful. Many 
operators have come to the conclusion that the only way by 
which it can be determined whether repressuring will be suc- 
cessful is to make a fair trial and abide by the results. How- 
ever, what constitutes a fair trial may sometimes be open 
to question. The writer had occasion to instigate some re- 
pressuring operations where something like four months 
elapsed before there was any observable benefit. In the period 
between the fourth and the sixth month there was a definite 
increase in production, which increase continued for several 
months before the new production decline set in. Had it not 
been for the persistence of the division superintendent in con- 
tinuing this trial, it might have been classed as a failure 
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because of the probability that the test would have been dis- 
continued before the four months’ period had elapsed. 

Five attempts at repressuring in the Seminole field were 
observed by the writer, none of which was convincing as to 
any benefits being obtained. However, it might be mentioned 
that these attempts were made after a large percentage of the 
oil and gas had been extracted from the Wilcox sand, and the 
amount of space necessary to be filled in order that the in- 
jected gas might have any effect would have been enormous. 
Moreover, with so large a percentage of recovery having al- 
ready been made, probably in the neighborhood of 40 to 50 
per cent, there was much less opportunity for repressuring 
to be successful than there would be in such fields as those in 
Nowata County, Oklahoma, in the Bartlesville sand, or in 
the Burbank sand at Burbank, where probably less than 15 
per cent of the oil had been extracted. 

One of the most attractive fields in which to undertake 
repressuring operations on an extensive scale is Burbank. The 
recovery to date has been under 15 per cent. There remains 
in the reservoir possibly one billion barrels of oil yetto attempt 
to recover by some improved method. Water encroachment 
has been very slight and exists to any extent only on the west 
side. Such a field should offer a large inducement for repres- 
suring methods. This oil is especially desired by the refineries, 
and will probably always be in demand, consequently there 
is a rich prize to strive for, in attempting to find a solution 
for obtaining a considerably higher recovery from this field. 
Repressuring operations are already being undertaken by the 
Carter Oil Company, Gypsy Oil Company, Phillips Petroleum 
Company, and the Sinclair-Prairie Company, and this method 
would seem to be the line of least resistance to follow at the 
present time. It is not impossible that mining operations could 
later be employed to advantage in this field. 

The opinion is sometimes expressed that repressuring does 
not result in greater ultimate recovery, but results in recov- 
ery of the same quantity of oil in a shorter time. Some decline 
curves have been made by the writer that would seem to in- 
dicate that not only is daily rate of production increased, but 
that ultimate recovery is increased. In Fig. 1 there is illus- 
trated a case where repressuring was tried out and the results 
platted on log.-log. cross-section paper. It will be observed 
that repressuring was started in 1929, and that increase of 
production started in 1930, and that the slope of the decline 
line A-B which applied to the production before repressur- 
ing was applied was changed to a more gentle slope, as indi- 
cated by the line C-D. This would seem to indicate that a 
greater ultimate recovery would be obtained in that not only 
was the daily production rate increased, but there was a delay 
in the time when the economic production would reach its 
limit. 

The presence of water with the oil is objectionable when 
repressuring is being considered. In several fields in which 
water was produced with the oil, and where repressuring was 
tried, the experiment was a failure from the angle of in- 
creased production. Even in fields where the conditions were 
such that an increased production was obtained by repres- 
suring, there was the danger of producing an emulsion of oil 
and water where the mixture was forced by the air through 
the sand into the well. In some other places, especially where 
air was contained in the gas being supplied to the compressor 
intake, the presence of water resulted in serious corrosion 
troubles. Powell is such an instance where corrosion troubles 
were found to be serious in connection with repressuring 
operations. 

The preparation of a well as an intake well for repressuring 
may cr may not be an important matter. If the casing is 


30 


leaky above the point where it is cemented, it would not be 
possible to use the casing through which to inject the gas, 
If the well has a large shot hole connecting with an upper gas 
sand, there is possibility of the compressed gas escaping into 
this upper gas sand. However, it is probably better to try out 
a well in this condition in which it is found and determine 
whether the well can be used before going to any large ex- 
pense of reconditioning the old well, or for drilling a new well 
for the purpose. New intake wells in some cases have been 
drilled at Burbank for repressuring work in order to avoid 
some of the troubles mentioned, but it has seemed to the 
writer that the use of old oil wells at Burbank as intake wells 
has served the purpose sufficiently well that the expense of 
drilling a new well is hardly justified. 

In a general way it would appear that repressuring has a 
better chance of success in the shallow fields than in the 
deeper fields. In the shallow fields the oil was under low pres- 
sure, and recoveries have been low, and there is, therefore, a 
large percentage of the oil still in the sand which offers an 
inducement for attempts at recovery. In the deeper fields 
the pressure has been greater, and as a rule a considerably 
greater percentage of extraction has already been obtained by 
the usual production methods. Ordinarily Burbank would not 
be classified as a shallow field and in this respect it is an ex- 
ception to the rule stated. Probably conditions at Burbank 
were not so favorable as in most fields of that depth for ob- 
taining higher recovery, or, if favorable conditions existed, 
advantage was not taken of them. 

Repressuring probably meets with the maximum success 
where the gas accompanying the oil contains sufficient gaso- 
line to make the extraction of the natural gasoline profitable 
in a gasoline extraction plant. The costs of compression can 
then be reduced to a low point by allocating only a portion 
of the operating costs against repressuring. If, in addition to 
repressuring and gasoline extraction, the operator can employ 
the gas-lift, either continuous or intermittent, for lifting 
the oil, the costs per barrel of oil for the combined operation 
can be reduced to a surprisingly low point. 

While repressuring as a method of recovery has been con- 
sidered an economic success in many instances, it is still neces- 
sary to consider the question of costs. For instance, if the 
production of a 100-well tract is raised from 200 bbl. per 
day to 300 bbl. per day, at an increased operating expense 
of $25 per day, such an operation would just about break 
even with the value of the oil at about 30 cents per barrel. 
But it should be made clear as to what this operating cost 
actually means. If it covers only that of operation, without 
making allowance for depreciation of the plant, there is still 
another charge for the cost of the compressor plant that 
must be accounted for at some time in the life of the field. 
In some cases it is found that the depreciation charge amounts 
to as much as 50 per cent, or even 100 per cent, of the oper- 
ating cost, particularly in the case of an overbuilt plant. Of 
course, if the operating costs were doubled for the item of 
repressuring above those just mentioned, there would still be 
a good margin of profit with oil at $1.00 or higher per barrel. 

The conditions must first be analyzed before the selection of 
a plant be made. Two of the most important factors entering 
into this consideration are those of the quantity of gas re- 
quired, and the pressure to which the gas must be raised. To 
simplify the problem, the design might be limited to that of 
a straight compression plant without regard for gasoline ex- 
traction considerations. Such a plant can be used for repres- 
suring and also for gas-litt, if that lifting method be desired. 

Pressures used in various fields probably range from 50 to 
500 Ib., but as a starting point for this problem it might be 
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considered as 200 Ib., since this pressure is a rather common 
one in many fields. If pressure maintenance were being con- 
sidered the pressure might run up to 1500 lb. for a field like 
Sugarland, or to possibly 3500 or 4000 lb. for a field like 
Buckeye, in which case 3-stage compression or even 4-stage 
compression might be required. 

The volume of gas required would depend on many factors 
within the sand reservoir, very few of which could be de- 
termined without making a trial of some sort. Again, as a 
starting point, we might assume that the field contains 225 
wells, from which 25 wells would be selected as intake wells. 
We might further assume that these wells are making an 
average of 11/2 bbl. per day, and that there would be an in- 
crease in production of 50 per cent, bringing the production 
up from 11% bbl. to 24% bbl. per well, or a total increase 
of 150 bbl. per day, making a total production of 450 bbl. 
per day for the 200 wells. We might further assume that 
the increased production will require an input of 3000 cu. ft. 
of gas for each barrel of increased oil. This would require a 
total of 3000 x 150, or 450,000 cu. ft. of gas per day for 
repressuring purposes. In order to make allowance for fuel 
requirements and for shut-down time, it would probably be 
advisable to increase this quantity to an actual compressor 
output capacity of 500,000 cu. ft. per day. Assuming the 
volumetric efficiency of the compressors to be 80 per cent, 
which figure is quite conservative, the displacement capacity 
of the compressor plant would be 500,000/0.80, or 633,000 
cu. ft. per day. 

The next consideration would be one depending somewhat 
on individual preference, as well as on other considerations, 
such as whether it would be advisable to use one large com- 
pressor unit, or two or three smaller compressors, and as to 
whether it would be better to use direct-driven machinery, 
or belt-driven units; also as to whether electric motors, gas 
engines, or crude oil engines should be employed to drive the 
compressors. 

For a given capacity of compressed air, an electric motor- 
driven single unit would be the least expensive to install. The 
operating expense would, however, be high under most con- 
ditions, because of the cost of electric current, although the 
cost for repairs and attendance would be reduced to a low 
point for such an installation. The installation of two or three 
small units instead of a single large unit would involve a 
higher installation cost, but would assure better continuity of 
service, at least for a part of the plant, and perhaps more 
nearly insure the possibility of employing the usual lease labor 
for handling all the plant operations. 

The choice between gas and oil engines would depend on the 
supply of gas for fuel purposes. If there were a serious doubt 
as to the matter of fuel gas supply, the operator might con- 
sider it advisable to install oil engines, even at a higher in- 
stallation cost, rather than take the chance of being com- 
pelled to make such a change later, involving a considerable 
additional expense. 

The choice between direct-driven compessors and belt- 
driven compressors would depend on whether the lower in- 
stallation cost of direct-driven units would more than offset 
the advantage of being able to use the engine for some other 
purpose than driving compressors if for any reason it should 
develop that the compressor were not being employed. The 
cost of the engine usually amounts to about 60 per cent of 
the combined cost of the gas-engine-compressor unit, and the 
possibility of using the engine separate from the compressor 
might be an important consideration. 

Detailed estimates of costs on all these various factors 
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would involve greater space than can be devoted to the sub- 
ject in this article, therefore, it will be assumed that the 
various conditions have led the operator to install two 2-stage 
compressors, belt-driven from two gas engines, with fuel gas 
furnished free of charge from the wells on the lease. Each 
unit would have a volumetric displacement of approximately 
320,000 cu. ft. of gas per day, or 222 cu. ft. per minute, or 
an actual output capacity of about 178 cu. ft. per minute. 
Such a unit would require a gas engine of approximately 
60 rated horsepower. 

The plant could be installed at the present time for ap- 
proximately $10,000 for new equipment, and for, perhaps, 
$6000 to $7500 for used equipment. If depreciation be charged 
off at the rate of 10 per cent per year, this would amount to 
$2.70 per day, or 1.8 cents per barrel of increased production. 
On the basis of 450,000 cu. ft. of gas compressed per day, 
depreciation would amount to 0.6 cents per 1000 cu. feet. 

The operating expense would not exceed 2 cents per 1000 
cu. ft., assuming that the lease labor could handle the plant 
without extra labor being employed, and that fuel gas for 
the engines is not subject to any charge. The expense per 1000 
cu. ft. under the conditions stated has been lower in many 
cases than that stated, but the figure of 2 cents per 1000 
will be used here. On the basis of 3000 cu. ft. of compressed 
gas per barrel of increased production, the plant operating 
cost, would be $9.00 per day, or 6 cents per barrel of increased 
production. The total costs, including depreciation, would 
then amount to approximately $11.70 per day, or 2.6 cents 
per 1000 cu. ft. of compressed gas, or 7.8 cents per bbl. of 
increased production, for the repressuring expense alone. 

This example assumes certain conditions, very few of 
which may be known before a trial is made. It would, there- 
fore, be advisable to make a trial of an intake well in what 
is supposed to be a favorably located area, using a portable 
type of small compressor, and observe the results on the sur- 
rounding wells for a reasonable length of time. This might be 
sufficient to determine whether the operation should proceed 
further. It might even then be wise to install only a part of 
the equipment that would be considered necessary for the 
complete project and observe the results before committing 
oneself to the complete program. 

In the long run, money would probably be saved if com- 
petent engineering advice were engaged to size up the project 
at the beginning and to follow it through for a sufficient 
length of time to determine the best means of procedure. 
The success that has attended such projects as the Delaware 
Consolidated Company in Nowata County, Oklahoma, and 
the Eldorado, Kansas, operations of the Empire Gas & Fuel 
Company and other similar operations is probably due to the 
careful attention and analysis of all of the details entering 
into the projects. 

A few operators who have been repressuring their proper- 
ties for several years have lately been considering the ad- 
visability of making enlargements to their compressor plants 
and placing at least part of the producing wells on gas lift 
of the intermittent type with bottom-hole chamber. Such 
a project in most cases would be entirely feasible from a 
mechanical point of view, and would work out successfully 
from an economic standpoint in many cases, unless the per- 
well production has declined so low that the expenditures for 
changes in equipment necessary to be made at the wells and 
in the compressor plant could not bz returned in the life of 
the wells by the operating advantages to be gained. The oper- 
ation costs in most cases could probably be reduced below 
those usually obtaining, if the repressuring gas and the lifting 
gas were combined and handled in the same plant. 
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Combating 
Corrosion in Refineries 


By THOMAS B. ADAMS 


Refinery 


ORROSION in the o!! refinery is an ever-present menace. 

The tendency in recent years toward the increased use 
of high temperatures and pressures in the various steps of 
processing oil has made this problem more apparent and its 
solution more difficult. 

Corrosion is due chiefly to sulphur, hydrogen sulphide, 
alkyl sulphides and hydrochloric acid. Hydrogen sulphide 
corrosion is probably the most common form dealt with and 
the one contributing to most of the 
corrosion encountered in cracking 
equipment. It is also found in crude 
oil distillation equipment and in stor- 
age tanks. Where hydrogen sulphide is 
present, all equipment with which it 
comes in contact undergoes rapid cor- 
rosion; heating coils, pumps, headers, 
return bends, towers and chambers are 
all subject to its devastating effect. 
Hydrochloric acid corrosion is found 
only where crude is being run. Salt 
brines of calcium and magnesium chlo- 
rides carried with the crude are hydro- 
lyzed at elevated temperatures with 
the resulting formation of H Cl. Cor- 
rosion occurs when condensation takes 
place, hence its ill effects are noticed in the condensing 
equipment and rundown tanks. 

Corrosion may be lessened and sometimes eliminated by 
treating the oils with chemicals, effecting an elimination 
or reduction of the corrosive agent, or by use of special 
acid resistant metals ‘and alloys. The use of the latter has 
rapidly come into favor in the form of tubes and valves in 
cracking equipment. Special alloy tubes are preferred to 
chemicals by many refiners in reducing the effect of cor- 
rosion. Each has its advantages and disadvantages, and it is 
up to those in charge to determine what is best suited for 
the purpose. A brief discussion of both methods is given 
here. 


cessful in 


Chemical Treatment 


The most widely used chemicals for removing hydrogen 
sulphide and hydrochloric acid are caustic soda, lime, soda 
ash and ammonia. 

Caustic soda is very effective as a neutralizing agent. It is 
received in the solid form and can be conveniently removed 
by placing the drum on a platform over an open kettle, 
melting the caustic into the kettle by injecting steam 
through openings made in the drum. The caustic runs into 
the pot and can be brought to the desired gravity or per- 
centage by the addition of water. The density of the solu- 
tion generally used for combating corrosion in distillation 
equipment and stills is of the order of 10-15 Baumé gravity. 
When used to counteract corrosion in pipe-still tubes, towers 
and chambers, it should be added to cold oil and pumped with 
the main stream of oil through the tubes. Solutions varying 
from 0.1 to 10 per cent are used. Corrosion of tubes and head- 
ers has been reduced as much as 80 per cent thereby. Caustic 
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Use of chemicals, 
resistant metals 
and improved alloys 
has proved suc- 


refinery corrosion 


Engineer 


solution used for neutralizing hydrogen sulphide or hydro- 
chloric in vapor lines and condenser equipment is pumped 
into the vapor line. A quick conven‘ent method for testing 
gas for hydrogen sulphide content is with a U.G.I. HS tester. 
It can be operated by anyone and gives a good indication of 
the grains of HS present. When using caustic in cracking 
still tubes, care should be exercised in its use, as caustic em- 
brittlement of the tubes may result. All iron, steel or alloy 
valves should be used with caustic; 
but not brass, for caustic corrodes it. 

Lime is very widely used for com- 
bating corrosion. Lime has many advan- 
tages over caustic. It is easily and 
cheaply handled, it is not corrosive, and 
it is very effective in removing hydro- 
gen sulphide. Another distinct advan- 
tage in some cases is that it can be used 
either as a slurry or in powder form. 
In cracking equipment it can be in- 
jected into the oil stream dry. When 
used in condensing equipment it is in- 
jected into the vapor line as a slurry. 
Lime used in neutralizing should be 
finely powdered and comparatively 
free of impurities. When finely pow- 
dered it will remain in suspension more readily. 

Gases formed in cracking units contain large quantities 
of hydrogen sulphide, even when the charging stock is very 
low in sulphur. Scrubbers charged with lime or caustic solu- 
tion will free the gases of hydrogen sulphide when bubbled 
through them. A very simple and cheap arrangement is shown 
in the sketch. The gases from the gas separator of the crack- 
ing unit are passed into the bottom of a tower charged with 
lime slurry or caustic solution, leaving at the top. Two such 
towers can be used either in series, if necessary, or separately, 
so that when the chemical in one is spent the gases can be 
passed through the other. Refinery gases coming from tanks 
connected to a vapor recovery system may be scrubbed by 
passing through a tower, entering above the level of the chem- 
ical and leaving at the top. A pump picks up the chemical 
from the bottom of the tower and sprays it continuously over 
the top of the tower. The gases are scrubbed completely be- 
fore making their exit at the top. 


lessening 


Soda ash is used by many refineries. It has the same sim- 
plicity in handling as lime. Soda ash is used very often in 
neutralizing sludges obtained frem the acid treatment of 
heavy and light oils. Lime and soda ash are excellent for 
neutralizing waste wash waters to prevent stream pollution. 

Ammonia is very efficient and convenient for use in neu- 
tralizing hydrogen sulphide. Sufficient gas is injected from a 
cylinder into the vapor lines to neutralize, and the quantity 
injected may be held constant by inserting an orifice in the 
ammonia line. 

The quantity of chemical used to do the work will depend 
upon the degree of neutralizing desired and the quantity 
in which the elements of corrosion are present. Each condi- 
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corrosion and withstand the high 
temperatures and pressures used, 
several important items must be 
considered. Alloys of steel used, 
besides being resistant to cor- 
rosion, must have a high tensile 
strength at the operating tem- 
perature; recrystallization due to 
long periods at elevated tempera- 
tures should not take place. Sev- 
eral alloys are subject to this 
change, which causes an increase 
in crystal size, resulting in sub- 
sequent failure. The creep stress 
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bal of a tube is also important, as 


elongation results after long pe- 
riods under stress at high tem- 
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tion must be analyzed. Careful analysis will determine these 
factors. In deciding upon the chemical to be used, the price, 
cost of handling, efficiency and degree of neutralization de- 
sired should be the determining factors. It has been the ex- 
perience of many that the ultimate saving is greater when 
removing 60 to 80 per cent of the corrosive agent than when 
attempting to effect its complete removal. 


Tank Corrosion 


Tank corrosion is due to hydrogen sulphide, brine, silt, heat 
and oxygen. Acid-proof paints have been tried with varying 
success. Floating roofs have shown a marked degree of suc- 
cess. Removing vapors formed above the liquid by vacuum 
has decreased corrosion. Coating tank bottoms with special 
materials has prevented leaks, especially on crude oil tanks. 


Acid Resistant Metals and Alloys 


Sulphuric acid corrosion from acid sludges and weak sul- 
phuric acid is found mostly in refineries where lubricating 
oils are manufactured. The sludges obtained from acid treat- 
ment cannot be disposed of except by dumping or by being 
prepared into a fuel and burned. Dumping sludge into pits 
has been discontinued owing to the nuisance and waste since 
it can be prepared into excellent fuel. Before fluxing with fuel 
oil, part of the acid is recovered from the sludge. This acid 
varies in concentration from 10 to 40 per cent and is usually 
concentrated to the strength necessary for use in treating. 
Steel and wrought-iron pipe are corroded very quickly by 
dilute sulphuric acid, their life varying from one to six months. 
Evidence of failure at the fittings is evident in less than one 
month. Cast iron is more suitable, its life under these con- 
ditions being six months to one year. Lines of lead are best 
suited for handling dilute sulphuric acid. Sludge fuels pre- 
pared from acid sludges are best handled with brass pipe, for 
lead lines are too soft to withstand the severe physical treat- 
ment sludge fuel lines must endure. 

Special alloys of nickel have also given excellent service 
in handling materials containing weak sulphuric acid. Brass, 
bronze and duriron pumps have given years of uninterrupted 
service under severe weak acid conditions. 

The increased demand for cracked gasoline has increased 
this phase of refining during the last three years. Develop- 
ment of materials for cracking stills that will withstand 
corrosion has resulted in the use of special alloys, many of 
which have given excellent results. In selecting equipment 
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six per cent chromium steel tubes 

have also been used with success. 
Special alloys of carbon-molybdenum, magnesium and silicon 
are being used. 

Spraying corrosion resistant metals with a gun upon the 
surface to be protected has been tried with some success; 
unless the surface is properly prepared there is likely to be 
difficulty in preventing the sprayed metal from peeling off 
and from cracking. 

A tremendous amount of good work already has been ac- 
complished in combating corrosion by the use of suitable al- 
loys, and no doubt much more will be done in the future. 
Today, corrosion has been reduced from 50 to 100 per cent by 
the use of chemicals and of resistant alloys. These alloys are 
constantly being improved upon, and the cost of manufac- 
ture is being lowered to a point where it is profitable to use 
them wherever corrosion is at work. 

When processing a high sulphur corrosive crude, chemicals 
or special alloys should be given serious consideration. Their 
cost is usually much lower than the ultimate cost would be 
without their use. By their use less repairs are necessary, and 
shut-down periods due to the fa-lure of a part of the equip- 
ment are therefore less frequent. In heat exchangers, con- 
densers, and valves, savings are often realized by the use of 
more expensive acid-resistant equipment over ordinary ma- 
terial in the form of less labor cost in repairing and patching 
small leaks, fewer shut-down periods, and the elimination of 
contamination due to small leaks, which often result in the 
necessity of reprocessing and always in loss of yield of product. 

Probably the most important considerations in picking suit- 
able equipment are the fire hazard and the danger to human 
life. Fires are costly; a tube failure may result in serious dam- 
age to other tubes and may demolish the entire furnace and 
also cause the loss of life. Equipment should be reliable and 
safe to operate. 

In recent years the manufacturers of chemicals and various 
alloys have codperated to the fullest extent with the refiner 
in helping to solve his corrosion problems. Tests have been run 
and accurate data compiled under actual operating conditions 
on various forms of corrosion. This valuable work has gone a 
long way toward helping to eliminate the cost of corrosion and 
the danger of unforeseen failures in equipment that result in 
loss of time and expensive repairs. 
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URPRISING efficiencies have been obtained through the 

use of bottom-hole chokes under certain conditions of 
flow and have led to increased study and experimentation for 
finding new applications for the present forms of bottom- 
hole chokes and for the development of new forms to meet 
more varied flow conditions. The principal application of bot- 
tom-hole choking in the operation of producing oil wells has 
been found to be in aiding flow in the weaker type of wells 
that are almost devoid of gas energy. This type of well in- 
cludes those that will not stand excessive choking at the sur- 
face without loading up, and that do not have sufficient gas 
energy to flow their production at the rate at which the sand 
is capable of feeding the oil to the well. 

Bottom-hole choking, in combination with surface choking, 
has been used to restrict the delivery rate of wells, which it 
does to a greater extent than has been possible with surface 
choking alone before loading up of the well takes place. It 
has been used to steady the flow and in some cases to increase 
the rate of production in heading wells. It has also been used 
to guard against the lowering of bottom-hole pressure in 
order to prevent water coning. In other instances bottom- 
hole choking has proved effective in enabling pumping wells 
to be produced by flowing. It has been effective in lowering 
the gas-oil ratio in wells, but only under conditions where the 
limited supply of available gas was made to work more ef- 
ficiently. 

In the Van field, Texas, wells that could not be choked at 
the surface to rates of delivery less than 200 bbl. daily with- 
out loading up have been successfully choked at the bottom 
of the hole to produce 75 bbl. daily. Similarly, in East Texas 
it has been found possible to choke wells down to a daily rate 
of flow considerably below the rate at which they would 
operate without loading when restricted with a surface choke 
alone. Through controlling the velocity of the tubing flow by 
means of the combined use of bottom-hole and surface chok- 
ing, it has been possible in almost every instance successfully 
to steady a heading flow and frequently to increase the daily 
rate of production. Installations have been made in a few 
wells along the west edge of East Texas field simply to pre- 
vent the switcher from flowing the wells at a rate that would 
cause lowering of the bottom-hole pressure to the extent that 
water coning would occur. In the Buena Vista Hills field, Cali- 
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fornia, one well had been pumping for about two years prior 
to the installation of a bottom-hole choke on July 15, 1932. 
On that date a %4-in. choke, which was run in the well on a 
sand line rather than on the customary small diameter steel 
measuring line, was set 3200 ft. in 244-in. tubing. Though 
swabbing had to be resorted to in order to get the well to 
start flowing, it has been flowing continuously ever since, 
Here is a record of the data taken from the well: 


Pum ping Flowing 
Operating Pressure, casing - - - - 73 Ib. 320 lb. 
Operating Pressure, tubing - - - - 5 Ib. 
Oil produced daily ie - 8 bbl. 8 bbl. 
Water produced daily “ s «ow, 6 bbl. 6 bbl. 
Gas produced daily - - - - = = 637,000 cu.ft. 402,000 cu. ft, 
Gas-Oil ratio per bbl. - - - - - - 79,625 cu. ft. 50,250 cu. fr. 
Gas-Fluid ratio per bbl. - - - - - 45,500 cu. ft. 25,125 cu. fe. 


In the West Coyote field, California, the use of a 3/16-in. 
choke at 5385 ft. in 2'/-in. tubing was the means of enabling 
a well to flow naturally that previously had been produced by 
pumping. A record of the results on this well is as follows: 


Pumping Flowing 
Operating Pressure, casing - - - : 700-750 lb. 
Operating Pressure,tubing - - - , 0-75 Ib. 
Oil produced daily - - - - - 250 bbl. 288 bbl. 
Water produced daily s* « « 25 bbl. 25 bbl. 
Gas produced daily - - - = = 300,000 cu. ft. 250,000 cu. ft. 
Gas-Oil ratio per bbl. - - - - - 1400-1500cu. ft. 1100 cu. ft. 


In the two instances just cited, as in many others, gas-oil 
ratios have been lowered; generally speaking, however, this is 
possible only where the supply of gas or the pressure under 
which the gas enters the tubing is such as to result in inef- 
ficient operation when surface choking alone is employed. In 
wells of the type in which experimentation has been carried on, 
the formation gas-oil ratios at the bottom-hole working pres- 
sures employed were in excess of those necessary for efficient 
flow almost regardless of the method of flowing employed, 
consequently, no lowering of gas-oil ratio was to be expected 
by more efficient utilization of the gas in lifting the oil. 
Improved operating conditions can be expected only when the 
energy contained in the available gas supply is inadequate 
and there is a possibility of using the gas more efficiently 
than is possible when surface choking alone is employed. 

A series of bottom-hole pressure tests conducted in the 
summer of 1932 on a typical large well in the Gladewater 
area of the East Texas field sheds considerable light on the 
action of bottom-hole choking with respect to the effect of 
rate of production and surface pressure or on the form and 
velocity of flow up the tubing. In these tests a removable 
bottom-hole choke was set in 2'-in. tubing at 3500 ft., 
several beans of different diameters being employed to give 
considerable variation in the rate of flow and the magnitude 
of the surface pressure applied. It was found that a rate of 
flow of 16 bbl. to 17 bbl. hourly against 20-lb. pressure at the 
top resulted in steady flow with a surprisingly low pressure of 
only 345 lb. on top of the choke. Removing 20 Ib. pressure 
at the surface caused heading in the tubing, and on increasing 
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the surface pressure to 50 lb. the pressure on top of the bot- 
tom-hole choke rose to approximately 350 pounds. Rates of 
flow of wells of less than 16 bbl. to 17 bbl. daily resulted in 
working pressures on top of the bottom-hole choke consider- 
ably in excess of 350 pounds. 

These results readily indicate that it is possible to choke 
to lower rates of flow with bottom-hole chokes than with sur- 
face choking alone and also why there is a limit to which 
bottom-hole choking itself can be successfully applied in re- 
ducing the rate of flow. When flowing at the rate of from 
16 bbl. to 17 bbl. an hour in the series of tests just cited, 
there was so little slippage that the pressure on top of the 
bottom-hole choke was only 345 lb., but when flowing at the 
rate of about 3 bbl. an hour with a low gas-oil ratio through 

2'4-in. tubing is attempted, slippage is so great that the 

| well quickly loads up. 

It is reasoned that if, when using a bottom-hole choke of 
a diameter that would permit flow of maximum efficiency, 
flow were cut off at the choke when it was desired to shut the 
well in, the pressure that the well would have to operate 
against when the choke was again opened would be consider- 
ably less than 345 lb., which is accounted for by the separa- 
tion and escape of the gas released from solution in the oil 
and by the fact that some of the oil in the tubing would be 
carried to the surface. To test the correctness of this reason- 
ing a vertical check valve was threaded in the upper end of 
a choke mandrel and the customary bean omitted from the 
assembly so that no restriction to flow existed up to the check 
valve. The check valve carried a small vertical stem that 
extended up through the orifice. When the weight assembly 
was lowered against the stem, the stem, and consequently the 
valve, were depressed, permitting flow up around the check 
and stem, through the orifice and up and around the weight 
assembly. The effective choke area was the area of the orifice, 
less the area of the vertical stem, and was designed to be such 
as to result in a rate of flow that would give maximum ef- 
ficiency for a minimum pressure on top of the bottom-hole 
choke. The diameters employed were so small that the weight 
assembly could easily be handled on a Halliburton line. 

This assembly was tested recently in one of the tight-sand 
wells on the east edge of the East Texas field. During the 
five months since its completion this well had not kicked off 
once under its own energy; a tractor and swab were kept at 
the well for this purpose. After installing the choke valve the 
fluid above the valve was swabbed out and the weight assembly 
lowered until it depressed the check valve. From 30 to 45 
minutes were required to fill the tubing, after which flow 
was permitted to continue until the well allowable was pro- 
duced. A switcher then would raise the weight assembly, leav- 
ing it swing in the hole until ready to lower it again for the 
next day’s allowable well production. This method of flowing 
the well was continued successfully for approximately two 
months. One of the most interesting features of this experi- 
ment was the discovery that even at the low gas-oil ratio of 
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differential regulator 
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350 cu. ft. per bbl. the tubing would be almost completely 
emptied when the flow of the well was shut off at the bottom- 
hole choke. 

It is thought that equipment of this sort, which in effect 
accomplishes bottom-hole stop-cocking by means of a properly 
designed bottom-hole choke, will have a certain application 
in prolonging the flowing life of wells whose daily rate of de- 
livery, when extended over a 24-hour period, is so low that 
inefficient flow and a wastage of gas or loading up of the 
well results. By means of a bottom-hole choke the flow can 
be regulated to an efficient rate. When the desired quantity of 
oil has been run the well is closed in at the bottom-hole choke, 
thus allowing the well pressure to build up below the bottom- 
hole choke, eliminating the escape of any gas or gas energy 
and effectively preventing the fluid level from rising in the 
tubing and loading up the well. 

A new air-lift or gas-lift device has been designed especially 
for intermittent flow. By means of this flow device the low 
pressures found to exist above the choke when flowing at 
efficient rates are fully utilized, and as the bottom-hole valve 
idea to prevent loading is incorporated in the design, it will 
eliminate the high kick-off pressures so often necessary after 
the well has been shut down. In this device, which is a form 
of removable bottom-hole choke, means are provided for in- 
troducing air or gas as needed above the choke while the valve 
in the choke closes off the passage of oil through the bean 
whenever the flowing pressure above the choke exceeds a pre- 
determined proportion of the input air or gas pressure. If, 
during flow, the quantity of air or gas introduced is not suf- 
ficient adequately to aerate the oil as delivered through the 
choke and the tubing starts to load up, the entrance of oil is 
automatically closed off until the column above the choke has 
lightened, after which the valve will open of its own accord 
and allow oil again to pass through the choke. When flow is 
to be stopped the supply of input air or gas is cut off and the 
valve in the choke closes, thus preventing the entrance of more 
oil during the time it is shut down and permitting a large part 
of the oil above the valve to continue its flow to the surface. 
When this device is used, it is fully expected that when flow 
is resumed after the well has been shut down the kick-off 
pressure, instead of being high and working down to the flow- 
ing pressure, will be low and work up to the flowing pressure. 
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Another modification of bottom-hole choking that seems 
to have certain possibilities in oil well flow is a form now 
being used successfully in gas well operation that amounts in 
effect to a bottom-hole differential pressure regulator. This 
regulator will be described in more detail presently. When 
using this form of combined bottom-hole choke and valve, the 
well bottom-hole choking pressure is held at a constant pre- 
determined amount higher than the flowing pressure. 

A removable bottom-hole choke with a mandrel opening 
of 23%-in. was recently made for running in 43/4-in. casing. 
The well in which this choke is to be run is equipped with 
a tapered string of 434-in. casing and 2'/2-in. tubing. It is 
thought that setting this choke at various depths near the bot- 
tom of the tubing will approximate the results that would have 
been obtained had relatively shorter or longer lengths of the 
2'4-in. tubing been used. The results of this experiment will 
be watched with interest, for, if successful, it will mean that 
errors in the design of tapered strings can to a certain extent 
be remedied by the use of removable bottom-hole chokes. 

An interesting and unusual application of bottom-hole 
chokes in gas wells was made last summer in 18 wells in the 
Cut Bank field, Montana. These wells, with an average depth 
of 2800 ft. and a closed-in pressure of 700 lb. at the surface, 
were equipped with 2-in. syphons. It was found that when the 
syphons were choked at the surface freezing took place, not 
only at the surface controls but also at a point 400 or 500 
feet down the syphon, the freezing in the syphon completely 
plugging it and requiring several days for thawing out. While 
possible explanations of this unusual condition have been ad- 
vanced, the most likely seems to be that whenever the pressure 
of the gas is lowered to a point somewhere about 450 Ib., 
precipitation took place that resulted in the formation of ice. 
Maintaining the pressures within the syphon, when feeding 
from a syphon into the line, to less than the critical pressure 
at which freezing occurred, was successfully accomplished by 
means of bottom-hole chokes provided the surface pressure of 
the syphon was not caused to rise above 450 Ib. either by 
pinching valves or by too high a line pressure. 

Complete flexibility in the rate of deliveries has recently 
been made possible by the use of the mixing valve in com- 
bination with the removable bottom- 
hole differential regulator referred to 
earlier in this paper. A drawing of one 
form of this valve is shown in the ac- 
companying illustration. It consists 
simply of a valve, weighted so as to tend 
to close against the upward flow through 
it, that is connected to the choke in place 
of the customary bean. Before installing 
this valve, tests are run to determine at 
what delivery pressure freezing first 
starts to take place. For example, in a 
certain well a pressure drop of from 300 
lb. to line pressure may not cause freez- 
ing, while pressure drops from any pres- 
sure higher than 1300 Ib. will result in 
freezing either at the controls or farther 
down the gathering system. The well’s 
effective pressure at the choke near the 
bottom is reduced by the action of the 
expanding spring to an extent equal to 
the difference between the bottom-hole 
working pressure and that pressure on top 
of the choke that will result in a delivery 
pressure of 1300 pounds. Neglecting the 
weight of the two columns of gas, if the 
closed surface pressure of the well is 
3300 Ib. and the safe delivery pressure is 
no higher than 1300 Ib. the spring is ad- 
justed so that a pressure of 100 lb. per sq. 
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Right: Lowering bottom hole 
choke valve in East Texas well. 
Below: Running choke in Cut 
Bank, Montana, well 


in. is absorbed at the choke in working against the spring. 
The closed surface pressure of the syphon, except for leak. 
age, cannot rise above 1300 lb. so that the delivery pressures 
that would cause freezing are avoided. The range of possible 
gas withdrawal that is controlled by surface valves is from 
zero up to whatever quantity the bottom-hole working pres. 
sure, less the pressure used in operating the spring, will deliver 
against line pressure. In a recent installation in Rodessa, La, 
this range was found to be from zero up to 7,400,000 cu. ft. 
With the quantity of warm gas coming through the syphon, 
enough heat will be available at the mixing valve for adequate 
withdrawals at any desired rate up to full well casing capacity 
against the line pressure. At the low rates of withdrawals at 
Rodessa there is enough heat in the tubing gas adequately to 
warm twice that quantity of casinghead gas. 

The form of differential regulator shown in the illustra- 
tion employs a spring as a means to pull the valve down 
against its seat. Another form is used in which the spring 
pushes the valve against the seat, while in a third form the 
balanced valve principle is used rather than the spring, as 
a means of preventing pressures above the valve from rising 
beyond a predetermined proportion of those beneath the valve, 

Flow tests that showed the low bottom-hole tubing flow 
pressures resulting from efficient flow, and the tests that 
showed that when the flow through tubing is efficient, and 
this flow is closed off at the bottom of the well the oil and 
gas in the tubing are almost entirely expelled at the surface, 
open the way for the development of many other flow de- 
vices that will have a practicable application. 
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Refining Methods in East Texas 


Some of the plants are 
of modern design and 
construction and are 
efficiently operated 


HERE are approximately thirty refineries operating in 

the East Texas area at the present time and the number 
is tast increasing since there are some ten additional ones 
under constructions. With few exceptions, the plants are all 
of the skimming type, having capacities under 2000 bbl. daily. 
Six companies have installed cracking units of their own de- 
sign. Although the crudes produced in this area contain good 
lubricating fractions, none of the refineries has installed 
equipment for manufacturing these products. 


Many of the plants were built to take advantage of the 
low-priced crude, with a minimum investment and no idea 
of permanency. Consequently, very little new equipment was 
installed in such plants, and their operation is ne:ther ef- 
ficient nor economical. They can be operated only with cheap 
crude and low wages. 


Not all the plants, however, are poorly built. Some of 
them have been scientifically designed and are constructed 
with modern equipment, so that their operation is on a par 
with the best in the country. Most of the distillation units in 
the field consist of pipestills and bubble-tray fractionating 
towers. Very few plants have shell still installations. 
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Cross-section showing controls 


One interesting plant that has recently started operating is 
the McMurray Refinery at Arp. It is located on a hillside, and 
the tanks are so arranged that the oil can gravitate from the 
crude oil storage tanks, which are located at the highest ele- 
vation, without the use of pumps. The plant has a capacity of 
2000 bbl. of crude daily, and was designed by the Ampco 
Engineering Company of Dallas. It is a skimming plant, but 
provisions have been made for converting it into a combina- 
tion cracking plant whenever it might be desired. 

The fractionating tower, which is 86 ft. high and 54 in. in 
diameter, was built by the Wyatt Boiler & Metal Works. 
Tagliabue control instruments are used on the unit. Gasoline, 
naphtha, light and heavy gas-oil cuts can be made on the 
tower, producing an 18-deg. A.P.I. gravity fuel oil. Both the 
finished motor fuel and the kerosene are 30-Saybolt color, and 
being doctor sweet, require no chemical treatment. 

The Texas Oil Products Company is increasing the capacity 
of its refinery at Gladewater to 2500 bbl., C. B. Faught, re- 
finery engineer, being in charge of the work. This company 
also operates a natural gasoline plant, located near the refinery, 
having a capacity of 3000 gallons per day. The natural gaso- 
line is blended into the motor fuel at the refinery. Construc- 
tion work will be started on a grease and lubricating oil 
blending plant. The company will purchase bright stocks 
and neutrals in tank cars and blend a complete line of motor 
oils. Facilities will be provided for filling and storing barrels 
and cans of lubricating oils and greases. 

The distillation unit at this refinery consists of a pipe still 
and a 60-ft. bubble tower built in two sections. The lower 
section is 60 in. in diameter, and the upper 48 in. A cross- 
section of this tower is shown in the accompanying sketch. 
The tower contains 40 bubble trays. The plant produces a 
410-deg. fahr. end-point gasoline of 60 octane number, 40- 
deg. A.P.I. kerosene, 32-36-deg. A.P.I. gas oil, and a 20-24- 
deg. A.P.I. fuel oil. The gasoline and the kerosene do not 
require any chemical treatment. 

Steam for the pumps and the distillation unit is generated 
by three 75-hp. field boilers. City water is used in this plant, 
although many of the refineries in the field have their own 
water wells, usually drilled to about 1000 ft. to obtain an 
adequate supply of water, which is satisfactory for boiler use 
without any treatment. In this plant the exhaust steam is 
condensed and used for boiler feed. 
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Fuel Oil 


The reduced crude in this field contains considerable wax, 
which gives it a pour point above 50 deg. fahr. It is very dif- 
ficult for the refiners to dispose of it; usually they try to burn 
as much as possible in their plants, and generally dispose of 
the remainder at very low prices. These plants that operate 
cracking units in the field succeed in lowering the cold test 
of their fuel, but usually the operations are not carried to a 
point of cracking all the wax. In general, the reduced crude 
is only slightly cracked. The cracked gasoline produced in the 
field is usually sweetened only, its percentage ordinarily being 
so small that it can be blended with the straight-run gasoline 
without refining it for gums or stability. 

Egloff' and Nelson show the following results from crack- 
ing East Texas crude: 


Gravity of charge - - - - 37.9 deg. A.PLI. 


Cracked gasoline - - - - - 69.4% 
Octanenumber - - - - - 70 

Cracked fueloil - - - - - 22.6% 
Gasandloss - - - - - - 80% 


They show the following results from cracking a Mid-Con- 
tinent fuel oil, to which classification East Texas crudes be- 


long: 
Gravity of charge - - - = 25.8 deg. A.P.I. 
IBP. - - - - - - - - 557 deg. fahr. 
Over at 572 deg. fahr. - - - 3.0% 





1U.0.P. Booklet No. 118. 


YrELD 
Gasoline, per cent charge - - - 53.4 
End point - - - - - = - 400 deg. fahr. 
Residiuum, per cent charge - - 38.3 
Gas and loss, per cent charge - - 8.3 
Gas, cu. ft. 1 bbl. charge - - 329 

FINISHED GASOLINE 

A.P.I. Gravity - - - = = 59.4 
I.B.P.deg.fahr. - - - - - 81 
End point - - - - - - - 400 
Octanenumber - - - - - 72 

RESIDUE 
A.P.I.Gravity - - - - - - 9.6 
Viscosity, S.F. 122 deg. fahr. - 160 
Flash, deg. fahr. - - - - - 242 
B.S.and W., percent - - - - 1.3 


Although most of the refineries in the East Texas field 
merely skim the crude or lightly crack it, the quantity refined 
is only a small percentage of the total product. Most of it is 
shipped to the large refineries on the Gulf Coast or in the 
East, where the crude is cracked in highly efficient units, pro- 
ducing the ultimate yields of gasoline, or it is vacuum dis- 
tilled to obtain valuable lubricating fractions. 

Much of the gasoline and kerosene refined in East Texas 
refineries is shipped in tank trucks to towns and cities within 
a radius of several hundred miles. Truck drivers are required 
to carry special certificates with each load showing the con- 
tents of their truck, and the time it was loaded at the re- 
finery. This is done to prevent bootlegging. 


Crude Oil from East Texas Field” 


Longview Crude 


Gravity - - =- = = = 38.4 A.P.1. 
Sulphur - - - - - - 0.26% 
Pour point - - - - - - 30 deg. fahr. 
Carbon residue - - - - 1.5% 


Viscosity,S.U.- - - - - 


HEMPEL DISTILLATION 


First drop 79 deg. fahr. Gravity of Cut 

Up to 122 deg. fahr. 2.3% 

122 to 167 3.6 79.4 AP. 

167 to 212 6.4 67.0 

212 to 257 6.7 I99 

257 to 302 a9 54.7 

302 to 347 5.8 49.7 

347 to 392 4.3 46.3 

392 to 437 4.6 43.4 

437 to 482 2 rs 40.6 

482 to 527 6.1 38.0 
SUMMARY 

Total gasoline and naphtha 35.0% 59.5 A.P.L. 

Kerosene distillate 10.3 41.9 

Gas Oil 15.6 35.6 

Non-visc. lube distillate 10.2 33.0-29.3 

Med- visc. lube distillate 5.9 29.3-27.0 

Residuum 22.5 16.7 





*U.S. Bureau of Mines R.I. 3130. 
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41 sec. at 100 deg. fahr. | 


] 


Kilgore Crude 
Gravity - - - - - - 40.0 A.P.I. 
Sulphur - - - - - - 0.29% 
Pour point - - - - - - 25 deg. fahr. 
Carbon residue - - - - 1.8% 


Viscosity,S.U.- - - - - 40sec. at 100 deg. fahr. 


HeMPEL DISTILLATION 


First drop 82 deg. fahr. Gravity of Cut 

Up to 122 deg. fahr. 4.3% 81.9 A.P.I. 

122 to 167 3.9 81.6 

167 to 212 6.0 67.8 

212 to 257 roa pS De 

257 to 302 5.8 54.2 

302 to 347 y 49.5 

347 to 392 4.0 46.0 

392 to 437 4.4 43.2 

437 to 482 4.7 40.4 

482 to 527 6.1 38.0 
SUMMARY 

Total gasoline and naphtha 36.0% 61.0-deg. fahr A.P.I. 

Kerosene distillate 9.1 41.7 

Gas Oil 3 bp Bs 

Non-visc. lube distillate 8.6 32.3-29.3 

Med-visc. lube distillate 6.4 29.3-27.1 

Residuum 23.4 16.2 


T he PETROLEUM ENGINEER 




















Solving Well-Pumping Equipment 
Problems 


Suitable Combination of Stroke 
and Speed 

HEN large voiumes of fluid, 

1000 bbl. per day or more, 
must be pumped, the largest possible 
stroke and the highest practical 
speed should be used. A 74-in. stroke 
becomes compulsory and 29 or 30 
s.p.m. should be the pumping speed. 

When the volume of fluid to be pumped is materially re- 
duced, say to 70 bbl. per day or less, owing to natural condi- 
tions, as in California, or to legal conditions, as in East Texas, 
the question arises regarding what is the best combination 
of stroke and speed to use. 

Assume a production of 70 bbl. per day, 2'/2-in. tubing, 
2',-in. pump, a volumetric efficiency of 90 per cent and con- 
tinuous 24-hour pumping. From Table 15 we can find the 
possible combinations of speed and stroke; these are shown 
in Table 17. (See Article I, March). 

Although the production should be the same in each case, 
the power and the maintenance vary. The volume of pro- 
duction varies as the plunger stroke and the pumping speed; 
but due to friction and other losses, the power required is 
frequently found to vary approximately as a product of the 
polished rod stroke and the pumping speed, modified by cer- 
tain empirical constants for gravity and acceleration (as will 
be shown in a later article on ratings). 

The production is approximately the same as in the various 
combinations shown in Table 17, but the power required 
changes as shown in Table 18. 

For 23.3 s.p.m. the power required is more than four 
times that for 2.5 s.p.m. and the power cost, except as modi- 
fied by steps in power schedule, is in proportion; $85.00 per 
month at 23.3 s.p.m. as compared to $20.10 at 2.5 s.p.m. 
There may be some question regarding the exact proportions, 
but the table as a whole is fundamentally true—for the same 
volume of production the lowest power requirement will re- 
sult from using longer stroke and slower speed. 

The savings in pumping costs made possible by slower speed 
should be checked against the possible increase in the cost of 
equipment required. 

Variations of Pumping Costs 

Equipment operating at higher speed is usually less ex- 
pensive than equipment operating at lower speed. Figures 
from various sources show the estimated cost of pumping 
equipment (using electric motor) for each of the above con- 
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ditions, as shown in Table 19. This 
cost may be amortized on a one per 
cent per month basis, and added to 
the power cost to get the total cost 
of power and equipment. 

The combination of power and 
amortized installation as given in 
Table 19 shows that true economy is 
neither in extremely high speeds nor in extremely low speeds. 
The most economical condition is at 5.7 s.p.m., with 44-in. 
stroke, giving a monthly cost of $27.80 or 2.75 cents per 
barrel. It may be necessary, however, to go to larger equip- 
ment or to provide for higher speeds, or both, at a later date 
if production of more than 70 bbl. per day is anticipated due 
to proration changes or to water encroachment. In such a 
case, present economy may have to be sacrificed to some ex- 
tent for the sake of future requirements. 

With the same equipment operating at 25 s.p.m. the pro- 
duction will be increased beyond 70 bbl. to the values given 
in Table 15. The power consumed will obviously increase, 
and with it the cost; the amortized equipment cost will re- 
main the same and the pumping cost per barrel will there- 
fore decline. Table 20 gives for each condition the monthly 
production and the resulting pumping cost per barrel of fluid; 
as will be observed, it shows a continually declining cost per 
barrel with the larger equipment. If greater production can 
be anticipated it may be found more profitable to install 
heavier equipment at a sacrifice of both initial investment and 
present economy. If the greater production will not be re- 
quired, the most economical condition will be found in the 
combination giving the maximum production per stroke. 

Similar savings may be effected in maintenance cost. When 
operating at lower speeds the pump valves seat fewer times, 
thereby increasing both their life and efficiency; the stresses 
in the rods are lower, resulting in fewer rod failures; and 
plunger and working barrel wear is lessened. 

Table 21, taken from Table 8 of Marsh’s paper’ (see Article 
I) shows a reduction of 48 per cent in power consumption 
and 74 per cent in labor and overhead as a result of slow-speed 
pumping. The savings in maintenance costs, in terms of dol- 
lars per day, are also greater than the savings in power costs. 

It is also reported from one field in Texas that the pump- 
ing speeds of 34 wells have been reduced with favorable re- 
sults. The volumetric efficiencies have been increased on 
these wells to more than double what they were formerly. 


1See footnote The Petroleum Engineer, page 35, March, 1933. 





TABLE 18 
Variation of tale Costs with seit Speeds and Strokes 
| | | Pumping Cost 
Prod. | | Per Well Per Prod. 
Per Speed | Stroke Av. hp. | Month at Cost 
Day | Required Flat Rate of Per 
| |  le/kw-hr. Bbl. 
70 bbl. 23.3 s.p.m. 24-in 15.8 $85 .00 4.05c 
70 bbl. 9.8 s.p.m. 34-in 7.1 $38.20 1.82c 
70 bbl. 5.7 8.p.m. 44-in 5.18 $27.80 1.32¢ 
70 bbl. 4.08.p.m. 54-in 4.41 $23.70 1.13¢ 
70 bbl. 3.18.p.m. 64-in 4.02 | $21.60 1.08¢ 
70 bbl. | 2.5 8.p.m. 74-in 3.74 $20.10 0.96¢ 


























TABLE 19 
Variation of Pumping Cost with Speed, Stroke and Equipment 
Total 
Amort. | Power Cost Prod. Prod. 
Prod. | Max.| Cost | Cost Cost Per Per | Cost 
Per | Speed (Stroke| of | at | (from Mth. | Mth. | Per 
Day | Equip. |1% mth. |Table 18) a in Bbl. 
| and | Bbl. 
| | Equip.) | 
70 bbl. |23.3 8.p.m.| | 24-1 -in.| $1800 $18 $85.00 | $103.00} 2100 5.00c 
70 bbl. | 9.8 s.p.m.| 34-in.| $2300 $23 $38.20 | $ 61.20) 2100 2.92c 
70 bbl. | 5.7 — 44-in.| $3000 $30 | $27.80 | $ 57.80) 2100 2.75¢ 
70 bbl. | 4.0 s.p.m.| 54-in.| $4000 $40 | $23.70 | $ 63 70} 2100 3.03¢ 
70 bbl. | 3. i opm. i 64-in.| $4500 | $45 | $21.60 | $ 66.60} 2100 | 3.18¢ 
70 bbl. | 2.5 s.p.m. : 74-in.| $5500 $55 | $20.10 | $ 75 10) 2100 3.60c 
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One well, pumping at 3000 ft., was producing 30 bbl. of 
fluid per day on a 32-in. stroke with a speed of 24.5 s.p.m. 
and it was found that the power cost at this speed was $1.71 
per day or 5.7 cents per barrel of fluid; the volumetric ef- 
ficiency was 22.22 per cent. The well was slowed down to 
12 s.p.m., but the length of the stroke was not changed. It 
then produced 43 bbl. of fluid per day and the volumetric 
efficiency was raised to 64.18 per cent, an increase of 189 
per cent. The power cost dropped to 86 cents per day or 2.25 
cents per barrel, and all but three of the wells showed a de- 
crease in the cost per barrel of fluid pumped. 


It is estimated that in this field savings in electric power 
cost as great as $2.32 per well per day have been made with 
a power rate of 1.048 cents per kw-hr. Slow-speed pumping 
with a minimum number of s.p.m. and continuous 24-hr. 
operation is now favored by most engineers in the oil in- 
dustry. 

In fields where the oil has a paraffin base, a shutdown of 
the well for only a few hours per day, during winter, will 
result in a clogg-ng of the tubing by the congealed paraffin. 
It then becomes necessary to release the paraffin by chemicals, 
steam, or a pulling operation, before pumping can be re- 
sumed. If the well is slowed down so that the permissible 
production is obtained by 24-hr. operation, it is believed that 
the paraffin will be kept moving, and will not have suf- 
ficient time to congeal in the tubing except, perhaps, in rare 
cases of extreme cold. 

Where the oil has a heavy asphalt base, a shutdown of the 
well for a few hours causes a thickening and congealing of 
the fluid similar in action to that of paraffin base oil. The 
fluid does not actually solidify and it is possible to start 
the well, but the power required during the first quarter- or 
half-hour of operat:on often amounts to three or four times 
the normal power consumption. Where electric power is used, 
this may mean an increase in the standby or demand charges. 
Where other power is used, it means larger engines and greater 
initial investment. 

Where power has to be purchased there is quite a dif- 





TABLE 20 


Variation of Pumping Costs with Maximum Volume at 
Maximum Speed 





Total 
Power Cost | Prod. 
Amort.| Cost Per Per | Prod. 


Prod. Re- | Cost | Cost Per Mth. | Mth. | Cost 
Per Speed | Max. |quired of Per Mth. Pwr. in Per 
Day Stroke hp. | Equip.| Mth. and Bbl. | Bbl. 


at 
1c/kw-hr. | Equip. 
$2000 | $18 $ 95 $113 2,469) 





182 bbl.'25 s.p.m.| 24-in. | 17. 
235 bbl. 25 s.p.m./ 34-in. | 24.: 
386 bbl.|25 s.p.m.| 44-in. | 32 
0 























540 bbl.|25 s.p.m.| 54-in. | 40. $4000 | $40 $215 $255 | 16,200 
693 bbl.|25 s.p.m.| 64-in. | 47 $4500 | $45 $254 $299 | 20,790 
54. 25,350) 


$5000 | $55 $295 $350 











845 bbl. 25 ant 74-in. 
| 

















TABLE 21 
Pumping Cost Savings Due to Slower Speeds 

| Before After | Change 
ee ar 27 s.p.m. 10 s.p.m | —63% 
Power Input.............. 13.85 hp. 7.2 hp. —48% 

Gross Production Rate......| 94 bbl./day 94 bbl. /day 0 
Fre yuency of Mechanical {| 35/271 days 2/94 days } —34% 
DI Siicasesnia.s a Reateemaws 7 0 ae, toe ry 70 

. 234 hr/271 day 21 hr./94 day is 

HRS coiinteccccacks | “0.865 hr./day 0.222 hr. /day } —74% 
Labor and Overhead........ | $2.94/day —74% 


$0.75/day | 
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TABLE 22 
Production of 70 bbl. Oil (East Texas) with Intermittent 
Operation 
Pumping Speed | Intermittent Operation 

20 s.p.m. 5.9 hr./day pa 

15 8.p.m. 8.4 hr./day 

10 8.p.m. 13.4 hr./day 

5.7 s.p.m. 24.0 hr./day 
TABLE 23 


Variation of Pumping Costs—Intermittent Pumping 











| | Total 


Prod. Hours| Total _Demand| Energy | Power, Prod. 
Per | Speed Per hp. kw. | Energy | Charge | Charge | Cost | Cost 
Day Day Per 


$1.75 |8c/kw-br| Per | Per 

Mth. | Mth. | Bbl. 
$30.00 | $24.24 $54.24) 2 58e 
$20.20 | $23.28 |$43.48| 2.07c 
$12.45 | $23.04 |$35.49) 1.69¢ 
$ 6.75 | $22.20 |$28 . 1.38¢ 


70 bbl.}20 s.p.m.| 5. 
70 bbl.|15 s.p.m. 
70 bbl.|10 s.p.m.} 1 
70 bbl.}5.7s.p.m.| 2 








9 | 23.00 | 17.15 | 3030 
4 | 15.50 | 11.55 | 2910 
4| 9.55 7.12 | 2880 
0; 5.18 | 3.86 | 2770 
































ference between continuous and intermittent operation. Con- 
sider again, as an example, a well in East Texas pumping 70 
bbl. per day at the best pump condition of 2'4-in. plunger 
and 44-in. stroke. This production may be obtained by inter- 
mittent pumping as shown in Table 22. The power required 
to pump under these conditions has been computed and this 
power, and the accompanying costs, are shown in Table 23. 

These figures shown in Table 23 are, of course, subject 
to discussion and question; but the assumptions made are all 
on the conservative side. The demand charge may be lower 
in other territories or it may be increased by the addition of 
a power factor charge. The energy charge may average more 
or less than 8 cents per kw-hr., depending on local condi- 
tions. 

However, the variations as a whole are correct, and show 
a much higher cost for intermittent operation at high pump- 
ing speed than for a continuous 24-hr. per day operation at 
slow pumping speeds. 

In certain fields the oil will seep through the sand at a fairly 
uniform rate. Operating the pump at a lesser speed than this 
rate of flow will mean a lowered oil production and operating 
at a greater speed will mean merely wasted effort in reversals 
of the rods, and unnecessary wear and tear on equipment. 

A selection of desirable pumping conditions for any well 
can be computed. These computations have been worked up 
into convenient form and plotted on a chart, using the same 
considerations as outlined in Articles I and II. This chart will 
be presented in a later article of this series. 

Thus far, the pump, pump sizes, plunger diameters, pump- 
ing strokes, the relation between plunger diameter and rod 
stretch, the plunger diameter for maximum production per 
stroke, suitable combinations of speed and stroke, and the 
variation of pumping costs with speed and stroke, have been 
discussed. 

In recent years important studies have been made on the 
speed changes that occur during the pumping cycle, and on 
the flywheel effect due to speed change. These are vital ques- 
tions entering into the selection of the type of transmission, 
and their relation to the rest of the pumping machinery 
should be properly appraised, for it with these aspects of the 
problem that the petroleum engineer is greatly concerned. In 
the next article the details of the transmission of power at 
the well will be taken up. 
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Revival of Shallow Drilling 


in Oklahoma Is Interesting Development 
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Hook-up on a high-pressure gas well in the Holdenville district 


KLAHOMA, a State that since the discovery of the 

great Seminole producing district in 1926 has been 
the scene of deep-drilling exploration, is having a revival in 
shallow-drilling activity and production. Extremely heavy 
proration restrictions in all large flush producing regions, dis- 
covery of large fields on the wane, and the low price being 
paid for crude oil, are the principal factors that have caused 
operators to turn their attention toward the development 
of properties that do not require large expenditures for ex- 
ploration purposes. This work is being led by a large group of 
individual operators whose success is serving to attract at- 
tention and thus to increase the scale of activities. 


On the whole, the per-well production is very small and the 
pools discovered have not been of major importance. As a 
result, many of the new producing spots are being permitted 
to flow to capacity—in which case a 100-bbl. well brought in 
at a low cost can produce at a rate equal to the prorated 
production allowed wells in the costlier and deeper, but more 
prolific, pools. Therefore, a much larger revenue return in 
proportion to the cost of development is being obtained. 
This condition has made it possible for many of the small 
operators to remain active when it would not have been pos- 
sible for them to compete in the deeper fields. 


The outstanding field that has been developed is the West 
Holdenville pool of western Hughes County. This pool has 
increased in importance until it is now the most active region 
in the entire State. Present indications are that its activity will 
continue for some time as new wells are being started at about 
the same rate as completions are being made. 

Production in the field is found in three sands, the present 
big play being devoted to the Booch sand found at depths 
ranging from 2875 to 2950 feet. The other producing mem- 
bers are the Calvin sand at 1150 to 1250 ft. and the Wapa- 
nucka lime at a depth slightly below 3000 feet. Initial outputs 
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of 2000 bbl. to 3000 bbl. have been made by Booch sand wells 
with the average completion good for 1000 bbl. of 37- to 39- 
deg. gravity oil. 

The West Holdenville field is also the source of a very 
large gas supply. The total combined gas flow exceeds one 
billion cubic feet daily. The average rock pressure of these 
wells is around 1000 pounds. The Booch sand furnishes prac- 
tically all the potential gas outlet. The largest gasser is a 
98,000,000-cu. ft. producer, while the others range in capac- 
ity from small wells to wells almost as large as the big one. 
The average gas production found is probably about 30,- 
000,000 cu. ft. in the straight gas wells and in excess of 
15,000,000 cu. ft. in the oil wells. 

The large volume of gas produced with the Booch sand 
production has given operators considerable trouble. Besides 
being under high pressure it is encountered in the top part of 
the sand and must be penetrated to reach the oil-bearing 
stratum, which is a broken sand horizon in the Booch forma- 
tion. In the Jarvis & Holmes discovery oil well gas was found 
from 2940 ft. to 2967 ft. and oil from 3971 ft. to 2984 feet. 
Practically the same condition has been found in the other 
wells. 

A few of the operators are now adopting a practice of 
setting casing into the sand to case off part of the gas. How- 
ever, the majority of operators set casing right on top of the 
sand. This casing string is of either 6-in. or 8-in. diameter, 
with the latter predominating in use. The greatest number of 
wells are produced through the casing string, but a few of 
the operators are now tubing the wells with 2'/2-in. tub:ng 
and a great saving in the amount of gas produced per bbl. of 
oil is being effected. One operator is using a 2'2-in. string 
of tubing and a bottom-hole choke. He has succeeded in re- 
ducing the high gas-oil ratio to a surprising degree. If prop- 
erly produced, there seems to be little possibility that the 
large amount of gas found with the oil will not be suf- 
ficient to give the wells an unusually long flowing life. 

In addition to the West Holdenville pool, there are a num- 
ber of other very interesting shallow developments in the 
State. A small pool is being developed at 1000 ft. near Coweta, 
Wagoner County, where production ranges from 50 bbl. on 
the pump to around 400 bbl. natural flow. The Bebee field 
of northern Pontotoc County has again come into prominence 
with Viola lime production at 2500 ft. to 2600 feet. The 
Tatums pool of Carter County has been extended and has re- 
vived interest in the entire southern portion of the State. An- 
other interesting shallow development is the growing work 
of plugging back Wilcox sand producers in the Old Seminole 
City field to the Calvin sand, where some very good wells 
are being obtained. Creek County, long a mecca for small 
operators, is again being redrilled with success. Besides these 
more concentrated areas there are scattered shallow drilling 
activities throughout the northeastern portion of the State. 

The activity in northeastern Oklahoma, including Creek 
and Wagoner counties, is very interesting as the territory has 
been dormant for many years. Drilling machines are being 
used to sink holes to depths of 1000 ft. to 2000 ft. and 
some good production is being procured, despite the fact that 
drilling has been carried on in the region since 1910 or 
earlicr. Impetus is given to the northeastern activity on ac- 
count of its being in one of the districts in Oklahoma that 
is not affected by heavy restrictions on production. 
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STRANGE... but TRUE 


HAPPENINGS IN THE PETROLEUM INDUSTRY 


at 


Although United States 
crude oil production 
was materially below 
its peak during theyear 
1932, it averaged nearly 
90,000 bbl. per hour. 
Of this amount, Texas 
flowed 35,510 bbl. an 
hour. 





























Gas from a wild well in the Refugio field broke through into an 
upper water sand, causing adjacent water wells to start blowine 
and to catch fire. Fifteen residences were burned when the flames 
spread through water pipes.—John Langston, Sun Oil Company. 













































































Twenty-nine cents of every dollar the average motor- The Bayway hydrogenation plant uses about five million 
ist spent for gasoline in 1932 went to pay State and cubic feet of gas per day, or about the same amount that 
Federal taxes. is consumed by the population of Cambridge, Mass. 
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Shaffer Vibrating Mud 


Screen 


1 paw Shaffer Vibrating Mud Screen 
provides an effective and econom- 
ical method of reclaiming and cleaning 
rotary mud at the well. Even gas-cut 





mud can be treated with this device. 
According to the manufacturer, the 
Shaffer Screen is simple in construction 
and has been thoroughly proven under 
all kinds of drilling conditions. It is 
noted for its long life and ease of ad- 
justments. Any work on it can be done 
with ordinary tools at the derrick. 
The screen, which is 48 in. wide by 
§§ in. long, is set on a 24-degree in- 
clination and is placed in the mud 
system so that as the mud emerges 
from under the derrick floor it flows 
over the screen. The rapidity of vibra- 
tion causes all the mud to flow through 


———- 








the screen while particles larger than 
the mesh are retained and fall into the 
rejection pit. Special adjustments on 
the screen assembly, together with the 
peculiar method of vibrating, make the 
machine unique and exceptionally effi- 
cient. The vibrating mechanism and 
the method of mounting the screen 





(rubber insulated from metal parts) is 
such as to give the screen almost in- 


definite life. 

A 2-in. rotating cam shaft, equipped 
with two \%-in. offset eccentric bear- 
ings produces a 14-in. vibration with 
each revolution. Two connecting rods 
run to a cross bar, which is attached 
to the screen assembly. A steam-driven 
turbine equipped with a governor per- 
mits regulation of vibrations to the 
most efficient speed of operation. 

Copies of a new folder giving de- 
tailed information on this mud screen 
may be obtained from Shaffer Tool 
Works, Brea, California. 





Purox Welding Torch 


bene LinpeE Am Propucts Com- 
PANY, 30 East 42nd Street, New 
York, N. Y., has announced the addi- 
tion of a new welding torch to its 
Purlox line of oxy-acetylene apparatus. 
Designated as the Purox No. 28 Weld- 
ing Torch, this has the same wide range 
of usefulness, and the same high ef- 
ficiency and economical gas consump- 
tion as the Purox No. 20 Torch, but 
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is somewhat different in design. Its 
utility is such that it will handle heavy- 
duty work as easily as the average job. 

Ten one-piece, 60-deg. goose-neck 
tips, numbered from 6 to 15, are avail- 
able for use with this torch. They are 
unusually well built, with plenty of 
hard-drawn copper stock to withstand 
the intense reflected heat of the heaviest 
welding job. By means of a union nut 
these tips may be adjusted so as to point 
in any direction. Thus, overhead or ver- 


tical welding can be accomplished 
without any change in the normal grip 


of the torch handle. 


Tips Nos. 6, 8, 10, 12, and 14, are 
furnished with the torch, giving it a 
range from 16-gauge sheet up to heavy 
castings. By using the Purox No. 21 
cutting attachment with this torch, 
steel up to 2 in. in thickness can be cut. 


The Purox No. 28B welding torch is 
the same as the Purox No. 28 welding 
torch except that it is supplied with 
tips Nos. 6, 8 and 10, mixer No. 6-10, 
friction lighter, and wrench. 

By means of an adapter Purox No. 
11 welding torch tips can be used on 
both the Purox No. 28 and No. 28B 
torches. This provides a convenient and 
economical means of increasing the 
range of usefulness of the Purox No. 
28 welding torch in the lighter weld- 
ing field. This feature is particularly 
useful in that it obviates investment in 
an additional small torch when there 
is only occasional need for light weld- 
ing. 
Crawler Tractor Mounted 


Arc Welder 


NIVERSAL PowER CORPORATION at 

Cleveland, Ohio, has given out- 
of-doors welding a novel arc-weld tool 
in the all-weather crawler tractor 
mounted arc welder. The welder, driven 
by the tractor engine, utilizes the shunt 
inductor principle of arc stabilization 
regularly built into all the company’s 
portable road trailer V-8 engined 
welders and motor-generator welders. 

This equipment consists of a stand- 
ard Universal welder carefully fitted to 
a Cletrac crawler tractor. The welder 
mounting does not in any way restrain 
fullest use of the tractor for drawbar 
work. The whole welder assembly may 
be easily demounted by removal of a 
few bolts. The welding unit has been 
developed through the combined ef- 
forts of the engineers of Universal 
Power Corporation and The Cleveland 
Tractor Company. 

It should be very useful in field 
welding problems on either new oil, gas 
or water line construction, or on old 
line repairs, as it permits the moving of 
necessary equipment to the job regard- 
less of how tough the country. 
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Breaker with Oil-Filled 
Bushings 


NEw line of circuit breakers, rated 
15, 25 and 34.5 kv., is an- 
nounced by the General Electric Com- 
pany, Schenectady, New York. These 
breakers are equipped with oil-filled 
bushings of a new type that give the 
same efficient insulation and good serv- 
ice, for potentials up to 34.5 kv. that 
higher-voltage oil-filled bushings have 
given in the past. 

By utilizing the oil-blast principle 
of circuit interruption, the breakers 
operate in eight cycles. They are des- 
ignated Type FHKO-339, designed for 
indoor and outdoor service, and have 
interrupting ratings from 500,000 to 
1,500,000 kva. 

The breakers are of the round-tank 
construction (one to the pole). The 
three top domes are welded into a 
single supporting plate. Mechanism is 
entirely internal, eliminating any tend- 
ency to reclose during or after circuit 
interruption. 


Wire Filler Tank Hose 


A new type hose for tank wagon, 
tank car and bulk plant service is an- 
nounced by The B. F. Goodrich Rubber 
Company, Akron, 
Ohio. 

Known as Wire 
Filler Tank Hose, 
it is available in the 
1'4-in., 2-in., 24%- 
in. and 3-in. sizes, 
with the same out- 
side diameters as the 
older type construc- 
tion, which makes 
it interchangeable through use of 
standard type couplings. 

Similar to regular metal-lined jack- 
eted construction except that in the 
jacket a special wire is used as filler 
member, alternating with the regular 
cotton filler strands, service tests on 
this new hose have already shown a life 
of many times that of ordinary gaso- 
line hose. 

Tank wagon and tank car service is 
unquestionably the most severe usage 
gasoline hose is called upon to meet be- 
cause of rough handling, abrasion and 
exposure to weather. Wire filler in the 
jacket of the new hose will not permit 
expansion of the jacket and assures a 
constant uniform compression of the 
rubber between the jacket and metal 
lining. 

From the abrasion standpoint it has 
been found that when the warp strands 
of cotton are worn down to the wire, 
the wear is then retarded by the greater 
resistance of the wire, which also holds 
the hose firmly together instead of per- 
mitting it to break down. 
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Interchangeable Diesel or 
Gas Powered Tractors 


NGINEERS of the Caterpillar Trac- 
tor Co., Peoria, Ill., have designed 
two new large-size tractors. They are 
the Seventys, either Diesel or gas en- 
gine powered, and the Diesel Fifty, 
which now makes this model available 
either in a gas or Diesel engine. 
While the Seventys, the largest in 
the “Caterpillar” line of tractors, are 
entirely new in design and engineering, 
they were fully tested and proven be- 
fore production started. They are big- 
ger, more rugged and built to deliver 


greater service than previous tractors, 
These tractors are provided with eight 
speeds, six forward and two reverse, 


Other features used on this unit in- 
clude: new track design, new Swing 
frame construction, six-track rollers 
on each side, advanced idler design, 
sturdier final drives to handle increased 
power, improved oil seals, increased 
traction and convenient operating ped- 
als and shifts. 


The gas or Diesel engines fit into the 
same chassis, a factor that gives the 
unit the advantages of interchangeabil- 
ity both from the standpoint of price 
and availability of parts and service. 





Portable Pipe Beveling 
Machine 


7 Air Reduction Sales Company, 
New York City, has placed on the 
market a portable equipment unit 
known as Airco Style No. 1 Pipe Bev- 
eling Machine. 

The new machine 
comprises a light 
four-wheel carriage, 
upon which are 
mounted a crank- 
driven chain sprocket 
and a torch-support- 
ing bracket. The car- 
riage is held against 
the pipe by a roller 
chain surrounding 
the pipe and engag- 
ing the sprocket. The 
latter, supported by 
coil springs, reacts 
on the chain and 
when turned by the 
hand-crank develops 
sufficient frictional 
grip to rotate the 
pipe when the latter 
is free to turn, or to 
rotate the machine 
itself around the pipe 
when the latter is 
fixed in position. 
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The cutting torch oes ee 
is adjustable on the " 

bracket to any required bevel angle 
from vertical, for cutting off square, 
to 45 degrees, more or less, for any 
welding bevel required. The torch may 
also be adjusted laterally to the lead 
cutting angle that is found necessary 
on bevels for clean cuts free of slag. 
This angle varies slightly with the pipe 
diameter and wall thickness. 

When setting up for pipe beveling, 
the chain, which is furnished with sep- 
arable sections covering pipe sizes from 
4 in. to 12 in. in diameter, is adjusted 
to the approximate length required, 


and the ends are brought into engage- 
ment. Tension is then set up in the 
chain by compressing the coil springs 
supporting the sprocket shaft with the 
two eccentrics. The machine is then 
rocked back and forth to straighten 
the chain and align the wheel axles 


parallel to the pipe. 





Adjustment of the torch for bevel 
and lead angles and cutting position 
having been made, the cut is started 
and maintained by turning the crank. 

Reconditioning by welding of old oil 
and gas pipe lines with screw joints, 
requires uncovering the pipe, digging 
bell-holes, and cutting out couplings, 
and badly corroded sections. The bevel- 
ing machine, fitted with two cutting 
torches set 180 deg. apart, cuts out 
the screw couplings and threads and 
bevels both ends for welding in one 
operation. 
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Safe and Economical Method Developed 
to Weld Gas Filled Tanks 


Many accidents have occurred in the repairing of tanks 
and other equipment used to store and handle petroleum 
products. When this equipment is in need of repair, unless 
it is properly steamed and cleaned, great expense is incurred 
to get it in condition to weld or rivet or otherwise repair, for 
the spark from a hammer can cause a serious explosion or 
fire. 

Aware of these drawbacks, the Carbonic Products Com- 
pany, Inc., of Tulsa, manufacturers of liquid and solid 
carbon dioxide, started a number of tests early in January of 
1933, to determine a safer and more economical way to do 
this work. Carbon dioxide will not support combustion, and 
being much heavier than the more volatile hydrocarbons, hav- 
ing a gravity of 1.52, has a tendency to settle to the bottom 
of a vessel in which it is released. After many tests, it was 
determined that a tank containing 40 per cent of COg in the 
space above the liquid could not be exploded even when 
natural gasoline was the liquid in the tank. It is now practical 
to repair and weld a tank without the expense of steaming 
and cleaning, to say nothing of the loss of production in some 
cases during the steaming process, by merely injecting into 
the tank enough COs to bring the concentration of CO: 
in the gas space to 40 per cent, which is ample to remove the 
explosion hazard. 

In U.S. Bureau of Mines Report of Investigation No. 3172 
on “Inflammability of Mixed Gases,” by G. W. Jones and 
R. E. Kennedy, it is pointed out that after the percentage of 
COz passes 28 no explosion is possible. An Orsat or Hays Ana- 
lyzer can be used to test the CO2 content. COz is obtainable 
in all trade centers, as it is in use very generally in bottling 
plants and soda fountains, thus making it available in almost 
any location. 

The tests conducted at the Carbonic Products plant proved 
that it was safe and practical to weld motor fuel storage 
tanks. A tank wagon of the Continental Oil Company, which 
had a leak on the bottom, was drained and after injecting CO» 
gas into the tank sufficient to bring the CO2 content to 42 
per cent, the leak was welded without trouble. Both acetylene 
and electric torch were applied to this tank. 


Another more severe test was made in the presence of 
representatives of the Pure Carbonic, Inc., Air Reduction 
Sales Company, and the Forrester Welding Company. Three 
gallons of natural gasoline were put into an oil drum, after 
which the drum was rolled around enough thoroughly to 
cover the sides and ends with gasoline. It was then set on 
end and enough COg gas was put in the drum to bring the 
per cent of COz escaping at the hole in the top to 40 per cent. 
A hole was then burned in the drum with the welding torch. 
It is advisable to have a small amount of COz¢ turned into the 
drum during the welding operation to prevent the percentage 
from dropping below the danger mark. 

Much interest has been shown in this work. One large 
company is now considering the use of COz for fire protection 
on their oil storage tanks. Since CO2 does not deteriorate with 
age, does not freeze, and can be stored safely at atmospheric 
temperatures, great savings can be made by its use for this 
purpose. 

Mr. C. C. Reeves, of the Air Reduction Sales Company; Mr. 
Ben Beaty and Mr. C. C. Forrester, of the Forrester Weld- 
ing Company, were present during much of the test work 
and their services were greatly appreciated. 
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Axelson 
Products 


Price Off 307 = 30” Less Cost 


Since 1930 the average price of California crude oil 
has decreased 30 per cent. Since 1930 the prices of 
Axelson Sucker Rods, Pumps and Fittings have likewise 
decreased an average of 30 per cent, in direct keeping 
with the adjusted commodity price schedule. 


While Axelson products are lower in price today than 
they were three years ago, their quality, their service 
and their design have steadily improved. As each new 
field problem presents itself, the Axelson organization 
has changed chemical and physical analysis, design and 
fabrication to meet altered requirements. Today oper- 
ators find better steel, better design, better workman- 
ship in every Axelson product, yet 30 per cent under 
the price paid for a similar product in 1930. Price of- 
fers an inducement, but quality offers a reason. For 
forty-two years Axelson has maintained the same high 
standards of quality in products and service. 


Axelson Manufacturing Company 


P. O. Box 710, Vernon Station, Los Angeles 
Tulsa 


New York, 50 Church St. St. Louis 
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build up roadway 


Estimating Refinery Costs 


Article III—Surveying and Road Building 


By G. W. HEINECKE 


Ampco Engineering Company 
Dallas, Texas 


WO of the operations, namely, clearing and grading, 

included in preparing the plant site were discussed in 
a previous article.! Other operations such as surveying, build- 
ing roadways, maintenance of plant site during building 
operations, final clean-up of plant site, and removal of 
trash and excess earth will be analyzed in this article. 


Surveying 


Under this heading is included staking the location of the 
plant site, of the various pieces of equipment, pipe trenches, 
etc., and establishment of grades and other work requiring 
the use of the transit or level. In most cases this work is 
done by the construction superintendent, if the construction 
job is small, or by his assistant if the job is large. It is ob- 
vious that this expense, except for helpers, is absorbed in 
their salaries. An estimated cost may be obtained from the 
surveyors in charge of the work, or from the construction 
superintendent. No rule can be given for estimating survey- 
ing costs. It is advisable that property lines be located and 
staked by a licensed surveyor, particularly if the construc- 
tion area is adjacent to property owned by other interests 
or persons. 


Building Roadways 


When the plant site is some distance from a highway it 
will be necessary to procure a right-of-way and build’a road 
to the plant site. In addition, roads are required around the 
plant. 

Clearing and Grubbing—Before building the roads, the 
right-of-way will have to be cleared and grubbed. The cost 
will range from about $40 per acre for simple to approxi- 
mately $175 per acre for difficult clearing and grubbing. The 
use of a tractor and winch will in many cases reduce this cost 
considerably as mentioned in a previous article.’ 


1The Petroleum Engineer, December, 1932. 
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Usually the estimator is interested in miles of right-of-way 
rather than acres to be cleared and grubbed, so the following 
table is given of length of roadway equivalent to one acre: 


Width of roadway in feet 15 20 25 30 
Length of roadway in miles 0.55 0.412 0.33 0.275 


Excavation—Roadway excavation varies from 18 to 20 
cents for light soils to from $0.50 to $1.00 per cubic yard 
for solid rock excavations. 


Types of Roads—There are a number of different types 
of roads from which to make a selection, depending on the 
factors mentioned below. These types range from the ordi- 
nary dirt or earth road to the concrete road surfaced with 
asphaltic concrete. The costs are governed by the type of 
road, source of supplies, etc., which are discussed in the fol- 
lowing paragraphs, together with numerous factors that 
enter into the selection of the roads. 

Nature of Soil—lf the top soil is such that a fairly good 
road can be made without hauling surfacing material, a low- 
priced road will result. 

Climatic Conditions—Some types of roads will not prove 
economical under severe climatic conditions. As an example, 
in the coastal fields of Texas, where the rainfall is heavy, 
earth roads soon become impassable. It is evident that some 
sort of surfacing should be provided. 

Drainage—The natural drainage of the area has consider- 
able bearing on the type of road selected. If the drainage is 
good there will be little likelihood of the bearing capacity 
of an earth road being reduced through saturation of the 
subsoil by water flowing through it. If the drainage is poor, 
surfaces such as gravel, macadam or asphaltic concrete can 
adjust themselves to subgrade movements due to water 
saturation, and ruptures will not occur unless the subgrade 
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movement is of considerable magnitude. However, these sur- 
faces will gradually become uneven. It is evident that, with 
ground water, a dirt road will not stand up under the loads 
to which they would be subjected around refineries. 

Source of Surfacing Materials—One type of surfacing ma- 
terial may be procured locally at low cost, whereas it may 


be necessary to haul some other type a long distance that | 


would make its cost prohibitive. It is evident that, other 


things being equal, the local material should be selected for | 


economy. 

Permanency Of Road—lIt is evident that a road built for 
permanence will cost more than an inferior type, but main- 
tenance costs will be lower. Another item, often overlooked, 
is the saving, in time and expense, to cars and trucks using 
the road. 

(1) Earth Road—An earth road utilizing the natural 
soil of the right-of-way for the roadway surface, is the type 


most encountered in small plant construction. The charac- | 


teristics of earth roads vary greatly in different localities. In 
sections of heavy rainfall they dry out slowly and cannot be 
dragged when wet. During the summer they become sun- 
baked and hard and therefore difficult to handle with ordi- 
nary earth-working machinery. As a result the maintenance 
costs run high, although the first cost is low. The work of 
maintenance must start as soon as the road is placed under 
trafic and be continuous thereafter. Earth roads will cost 
from five to ten cents per square yard to build, exclusive 
of clearing and excavating. 

(2) Clay-Sand Roads—This type of road surface con- 
sists of natural or artificial mixtures of sand and clay, loam 
or gypsum, or all these materials. Such surfaces are con- 
structed on clay, loam, or gumbo soils and on deep sand. 
The roadway is first graded and the side ditches obtained, 
after which the surfacing is applied. Clay may be added to 
a sandy soil, or sand added to a clayey soil, if a natural 
clay-sand mixture is not available. Clay-sand roads are re- 
silent, dustless and smooth, are serviceable for moderate 
trafic and require little care after compacted. The cost of 
such surfacing will average about 15 cents per square yard. 
This price is based on a 10-in. bed, compacting to a 6-in. 
surface. A 15-in. bed compacted to about nine inches will 
cost about 20 cents per square yard. Maintenance will 
amount to approximately three cents per square yard per 
year. 

(3) Road (1) may receive a layer of gravel from 6 in. 
to 10 in. thick when finished. The loose gravel will be from 
9 in. to 15 in. thick before compacting. This gravel will 
cost from 90 cents to $1.00 per cubic yard (loose measure) 





TABLE | 
Average Cost of Building Roads, per Square Yard 
(Clearing, grubbing and excavation not included) 


Type OF SURFACING 











; 2-Inch 
. No Road Double Triple ; 
Type Road Surfacing Oil Asphalt Asphalt Asphaltic 
Concrete 
Dirt Road $0.07 $0.12 $ $ $ 
6-in. Clay-Sand 0.15 0.20 0.33 0.43 
10-in. Clay-Sand 0.20 0.25 0.38 0.48 
6-in. Gravel 0.25 0.30 0.43 0.53 1.05 
8-in. Gravel 0.32 0.37 0.50 0.60 1.12 
10-in. Gravel 0.40 0.45 0.58 0.68 1.20 
6-in. Crushed Rock 0.31 0.36 0.49 0.59 1.11 
8-in. Crushed Rock 0.42 0.47 0.60 0.70 1.22 
10-in. Crushed Rock 0.50 0.55 0.68 0.78 1.30 
6-in. Concrete 1.50 2.30 
9-in. Concrete 2.15 2.95 
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Explosion-Proof Motors 
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i OTORS which operate in 

locations like the one il- 
lustrated above, where flammable 
volatile liquids are handled, must 
have the following special fea- 
tures: 


Wagner Type 

HP Motor driv- 

ing gasoline 

pump in a large 

refinery 

1. Housings strong enough 

{ to successfully withstand 

the explosion of flam- 

mable substances inside 
the motor. 


2. Machined fits long 
enough to prevent the 
escape of the flames (pro- 
duced by such explosions) 
to the surrounding atmos- 
phere. 


enough to prevent the mo- 
tor (even under abnormal 
operating conditions) 
from reaching a tempera- 
ture which would ignite 
surrounding gases. 





' 3. Heat capacity great 


Wagner Type HP 
Explosion-proof 
Motors are de- 
scribed in Part 5 
of Bulletin 174. 
Ask for a copy. Wagner Type HP Motors meet 
those requirements, and have 
been approved by the Under- 
writers for Class 1, Group D haz- 


ardous locations. 


Wagner Electric Corp., 





6408 Plymouth Ave., 
St. Louis, U.S.A. 


Name and Position 








Please send copy of Bul- ; 
lin 174, Pantene 
describes Wagner type HP 
motors. Address 1533-2 
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in place. Maintenance will amount to from 3 to 5 cents per 
square yard per year. This type of road is capable of carry- 
ing a considerable volume of traffic but it soon becomes very 
rough and corrugated, requiring frequent dragging. 

(4) Road (1) may receive a layer of crushed rock 
from 6 in. to 10 in. thick when finished. As in (3) the 
crushed rock before compacting will be from 9 in. to 15 in, 
thick. This crushed rock, finished in place will range from 
$1.20 to $1.30 per cubic yard (loose measure). This is 
equivalent to 30 to 50 cents a square yard. This type of road 
will give the best service if given bituminous treatment in 
order to retain the binder. Maintenance will average from 
six to seven cents per square yard per year, exclusive of 
bituminous treatment. 

(5) Either of the four roads mentioned may, in addition, 
receive a road oil treatment. This treatment will average 
about one-half gallon per square yard and will cost from 
four to five cents a square yard. The main function of oil 
treatment is to suppress dust but on an earth road with 
plenty of cross slope it has the added function of largely 
preventing the formation of mud holes. 

(6) Roads (3) and (4) may be given a double asphalt 
surface treatment costing from 16 to 20 cents a square 
yard, or a triple asphalt surface treatment costing from 25 
to 30 cents a yard. Such asphalt treatment prevents forma- 
tion of dust, has a tendency to catch and hold dust, forms 
an elastic cushion that increases riding comfort, reduces 
noise, takes up the wear, and thus preserves the material upon 
which it is placed while preventing the removal of binder 
from a gravel or crushed rock surface, thereby reducing 
maintenance costs. 

(7) Roads (3) and (4) may be given a 2-in. asphaltic 
concrete treatment costing from 70 to 90 cents a square 
yard. This type of surfacing is resilient, dustless, quiet and 
easily cleaned, and maintenance cost is low. 

(8) <A reinforced concrete road may be desired. Such 
roads range from 6 in. to 9 in. in thickness at the crown. 
A 6-in. concrete pavement will average from $1.30 to $1.60 
per square yard. The 9-in. concrete pavement may be fig- 
ured at from $1.80 to $2.20 per square yard. The perma- 
nency of this type of road makes it desirable, although the 
first cost is high. 

(9) Finally, the concrete road (8) may be further 
treated with a 2-in. asphaltic concrete surface at from 70 
to 90 cents a yard. This is the most satisfactory type of 
road built at present. There are several other types of roads 
but the foregoing list covers those successfully used in and 
around the Texas oil fields and should be equally useful in 
other fields. For convenience in estimating, the average cost 
of the forementioned roads have been compiled in table 1. 
The mean cost has been used, for example, the gravel road 
(3) is listed at from $0.90 to $1.00 per cubic yard. In the 
table the cost is taken as the mean or 95 cents. These costs 
do not include clearing, grubbing or excavation, which must 
be figured separately and added to the cost of the road to 
get the total cost. 

The second column marked “No Surfacing” indicates the 
cost of the road without any surfacing. The other columns 
give the cost with the surfacing in place. For example, a 
triple asphalt surfaced 8-in. gravel road would cost $0.60 
per square yard plus clearing, grubbing and excavating. 

The road costs here given represent values prevailing in 
1930. Present-day values will be about 70 per cent of the 
costs here given. It was deemed advisable to give the higher 
figures in the assumption that the present deflationary pe- 
riod will soon be superseded by one of more normal trend. 
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Corrugated galvanized steel culverts of 16-gauge at pres- 
ent approximate prices are as follows: 


10-in. Diameter - - - - $0.65 per foot 
12-in. Diameter - - - - 0.70 per foot 
15-in. Diameter - - - - 0.90 per foot 
18-in. Diameter - - - - 1.00 per foot 
21-in. Diameter - - - - 1.15 per foot 


24-in. Diameter - - - - 1.35 per foot 
(The above prices are f.o.b. factory) 


Reinforced concrete culvert pipe is also available in sizes 
from 12-in. to 84-in. inside diameter and designed for a 
uniform load of 2000 Ib. and 4000 lb. per sq. ft. of pro- 
jected area. Prices and other information on culvert pipe 
may be procured from the various manufacturers. 


Maintenance of Plant Site 


This is an exceedingly variable quantity and depends on 
soil conditions, types of roads, weather, etc. If road and 
weather conditions are good this cost should be nominal. The 
judgment of the estimator will have to determine the amount 
allowed for this purpose. 


Removal of Trash and Excess Earth 


Trash removal will include excess earth and trash that 
will have to be removed from the site after completion 
of the construction job. A nominal sum will suffice for this 
item unless a large amount of excess earth is to be removed. 
This amount can be determined from the volume of founda- 
tion excavation and the soil removed to make trenches. 
Shoveling and hauling dirt was discussed in an earlier article. 

It will be seen that some costs are practically indetermi- 
nate. Fortunately these are of minor importance. The major 
items, those involving the greatest expenditure, are discussed 
in detail and little difficulty should be experienced in de- 
veloping a satisfactory estimate of the cost to prepare the 
plant site. 





Natural Gasoline and A.P.I. Meetings of 
Interest to the Industry 


Exceptionally interesting programs have been arranged by 
the Natural Gasoline Association of America, annual meet- 
ing of which is to be held in Tulsa, Okla., May 15-17, and 
the American Petroleum Institute, which will hold its mid- 
year meeting in the same city, May 17-19. Besides the trans- 
action of routine business and committee work, a number of 
papers on timely subjects will be read by prominent men. 


Of interest to members of both associations will be a paper 
on “Agricultural Alcohol,” by Dr. George Granger Brown, 
professor of Chemical Engineering at the University of Michi- 
gan. This will be presented before the marketing division of 
the A.P.I. Another address of general interest will be one on 
“How Truck Legislation Affects the Truck Manufacturers 
and the Oil Companies,” by A. J. Brousseau, president of 
Mack Trucks, Inc., New York. The principal technical topics 
to be discussed at the American Petroleum Institute meeting 
will include well spacing, drilling and production practices, 
and proration and production practices. 

As usual, in connection with the Natural Gasoline meet- 
ing, the Natural Gasoline Supply Men’s Association will hold 
its annual sessions. 

Reduced railroad rates on the round-trip identification cer- 
tificate plan have been granted both associations. These rates 
will be extended only to individuals holding identification cer- 
tificates, which are available to the members of both associa- 
tions and dependent members of their families. It is necessary 
that these certificates be presented when purchasing tickets 
in order to obtain the reduced fares. 
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TROUBLE-PROOF COLLOIDAL DRILLING MUD 
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pipe and casing. Reduces abrasion; seals off fissures and 
caves. 
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These Nozzles 
Save You Money 


Mae patented spray nozzles produce 
a higher, finer, more uniform spray and 
are almost entirely free from clogging. Their 
use will improve water distribution in your 
cooling system; provide better water break-up 
and permit greater air circulation among the 
falling particles. 

These advantages, plus efficient operation 
under low pressures, save you money. It will 
pay you to use Marley patented spray nozzles. 
Write today for details. 


THE MARLEY COMPANY 


1737 Walnut Kansas City, Mo. 
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For Heavier Loads and Longer Service 


The latest development in joining for oil field belting. Die 
formed and hardened to give reinforced rigidity. Has great 
reserve strength. Tests up to 20,000 lbs. on 12 in. A. P. I. 
Specification Belting. Large curved flanges preserve belt. 
Rust proofed. Hardened % in. bolts. Distributed by sup- 
ply houses. Inquiries invited. 


FLEXIBLE STEEL LACING COMPANY 


4641 Lexington Street 
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A hook that is carrying 
7149 ft. of 654-in. 
drill pipe 





IVE wells have been drilled below 10,000 ft; commer- 

cial production has already been secured at more than 
9000 ft. and depths of 8000 ft. are constantly being pene- 
trated. All of which means that equipment for completing 
wells at such great depths has been developed to meet the 
demands as they arose. An example is the increased safety fea- 
tures and the greater convenience in handling that have been 
incorporated in the design of hooks, which must of necessity 
be the direct support of the heavier strings of drill pipe and 
casing that have to be used in the drilling of the deep wells 
of today. 

By use of the special alloy steel listed as Grade “D” in the 
A. P. I. specifications, casing strings of great length are now 
being run into these deep wells. The record lengths of the 
various sizes are given in the accompanying table and their 
weights indicate the load that must be carried by the hook. 
While the total weight of the string is cut down to a con- 
siderable extent by the use of float collars and shoes, the 
actual weight, together with the other stresses set up in 
running into the hole, impose a terrific load on the hook. 

The heaviest string of casing yet run was in the North 
American Oil Consolidated’s well, Blauvelt No. 1, Kettle- 
man Hills, California, and consisted of 6763 ft. of 1334-in. 
O.D. Grade “D” pipe, which was equipped with a Baker 
cement collar and a Baker whirler shoe. The Byron Jackson 
triplex type of hook was used on this well and provided 
two separate and individual hooks for the elevator links. 
These upper, or side, hooks are so placed to give balanced 
support to the elevator and are equipped with locking-arms 
that combine the safety feature with increased strength. 
They are held open mechanically until the elevator links 
are picked up and then released to close downward; and 
then lock in such a way that they cannot be opened acci- 
dentally. The small clearances between the locking-arms and 
their hook connections are taken up when an appreciable 
amount of the load is applied. Closed “C” links are thus 
formed which prevent the constant flexing of the hook and 
the attendant metal fatigue. The locking-arms also take their 
share of the weight. 

While the weight of a string of casing may exceed that 
of the drill pipe being used to make the hole, a hook must 
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Wells Render 


.| Design of 
| Importance 





By WALLACE A. SAWDON 


Petroleum Engineer, Los Angeles 


be designed to take considerable abuse as well as carry the 
dead weight of the drill pipe during drilling operations. 

The weight of a long string of drill pipe is, however, con- 
siderable and the tendency now is to drill to a greater depth 
with larger diameter holes where such a procedure is ad- 
vantageous. At the present time a well is being drilled in 
the Kettleman Hills field in which 6 5/8-in. drill pipe was 
used below the 7000-ft. depth. At 7149 ft., where the ac- 
companying photograph of the hook was taken, the total 
weight of the drilling string was 230,000 lb., including the 
swivel, kelly and tool joints. 

In another well recently drilled in Kettleman Hills, a 15- 
in. hole was carried to 7574 ft. and 6-in. flush joint drill pipe 
was used for the total depth. An extra heavy tool joint was 
used in this operation and the pipe and tool joints alone 
weighed more than 100 tons. Several 6 5/8-in. strings have 
been used to 7300 ft. and the weight of such a string is 
183,960 lb. plus that of the tool joints, swivel and kelly. 

The latest designs in the single type of hook naturally pro- 
vide for the increased strength required for deep drilling by 
increased proportions and better metals than were necessary 
for handling lighter strings. With the multiple hook, the 
object has been to distribute the stresses and keep the swivel 
bail hook and the two elevator hooks to a minimum size. 
The hook carrying the swivel bail also has a locking arm to 
provide the safety features previously cited as desirable in 
hook design. 

Any added convenience in hook operation is always wel- 
come. Mechanical details in some of the new designs pro- 
vide smooth swivel action and vertical floating of the hook 
to facilitate making connections. With the three-hook type. 
the elevator links and the swivel bail are kept separate at 
all times. When drilling, the elevator does not crowd the 
swivel bail or throw the load off center; and when the ele- 
vator is being used, each link is vertically suspended on its 
own trunion to eliminate unequal strains. 

From present indications it would seem that hooks are 
now available to handle the loads that may be expected for 
some time to come and that their adaptability for the drill- 
ing of deeper wells and the handling of larger strings of 
casing to greater depths exceeds that of some of the other 
drilling equipment. 














RECORD STRINGS OF CASING 

A.P.I. Grade “D” 

Size O.D. Record Depth Weight in Pounds 
Per Foot Total 
16-in. 4800 ft. 75 360,000 
13% -in. 6763 ft. 68 459,884 
1154 -in. 7142 ft. 61 435,662 
9-in. 8460 ft. 46.5 393,390 
7-in. 9645 ft. * 310,350 
6 -in. 9777 ft. 29.2 285,488 
§ 4 -in. 9302 ft. 22.9 213,016 
#3500 ft. of 36-lb. lower portion and 6145 ft. of 30-lb. upper portion, 
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Buy Strength | 


That’s what your good money must 
secure if you want full value in a pipe 
wrench. No finer, stronger, safer 
wrench can be found 
than all-steel Trimo. 
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Exhaustive Test of Concrete Pipe Joint 


N exhaustive test has just been 
completed by the department 
of engineering of a large Pacific 
Coast gas company, for the purpose 
of testing what is known as the 
Antileke pipe joint to determine its 
effectiveness under various condi- 
tions, its permanency and its econ- 
omy. 

The Antileke pipe joint is an in- 
stallation comprised of a special hy- 
potube wrapped around the pipe in 
close proximity to the leak and im- 
bedded in a thick concrete shell. 
From this simple tube a leak-proof 
emulsion is injected with an Alemite 
gun through perforations into the 
concrete barricade, which becomes 
thoroughly impregnated by the 
emulsion an ample distance around 
the leak. This emulsion reacts to 
form insoluble salts, which com- 
pletely plug and seal the pores and 
fissures within the concrete. A leak- 
proof seal is formed that will not 
weaken under high pressure nor de- 
teriorate with time. In the case of 
extremely bad leaks on gas lines, a 
special vent is used to allow the gas 
to escape while the concrete is set- 
ting. If the leak must be closed the 
same day, calcium chloride added to 
the mix will set the concrete within 
four hours. 

In connection with the test which 
was made by the Bureau of Tests 
and Inspection of the gas company, the following premise 
was set up. Antileke concrete pipe joints will stop gas leaks, 
based on the following facts: 


(a) Concrete and iron have the same coefficient of expansion. 


(b) Concrete shrinks and bonds to iron (bond value equals 60 to 
100 Ib. per sq. in.) 


(c) Concrete will be impervious to water pressures of at least 30 lb. 
per sq. in. for a mix of a properly designed density. (Minimum 
strength of 1000 Ib. per sq. in. at 24 hours.) 


(d) Waterproof concrete has a minimum of voids and only fine capil- 

lary tubes through which gas can permeate. 

The above facts are made use of to build a concrete shell, 
which is bended to the pipe. The capillary tubes are closed by 
a sealing fluid (at the space adjacent to the face of the bell) 
by the following method: 


1. A perforated tube (hypo-tube) with holes at one inch 
on center for a length equal to the circumference of the cast- 
iron pipe, is inserted prior to the pouring of concrete and se- 
curely tied in place in such a manner that the tube extends 
through the top of the concrete. The perforated length is 
covered with a porous cotton sleeve, which serves as a con- 
tinuous distribution medium for the sealing fluid. It also 
prevents cement from clogging the perforations. The end of 
the tube (coming out of the concrete) has a %-in. pipe 
fitting to which to connect an Alemite gun. 


2. A soap emulsion is forced, under high pressure, through 
the tube with an Alemite gun (after the concrete has at- 
tained sufficient strength to withstand internal pressure.) 
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Showing Distribution of Soap Emulsion 


For Sealing Gas spe. 
Main Leaks 


By B. W. MUELLER, Engineer 


Gas and Electric Facilities, Ltd., 
San Francisco, Calif. 


reacts with the calcium silicates in 
the cement to form sodium silicate 
(commonly called water-glass and 
used to give a glazed waterproof 
surface to porous substances) and 
calcium stearate, which is a very 
stable insoluble compound of oily or 
greasy consistency, and both these 
compounds are effective in closing 
up the capillary tubes and voids in 
the concrete permanently. 


Method of Test and Results 


A bell and spigot cast-iron pipe 
joint (using old pipe from the scrap- 
pile and typical of the condition of 
joints in actual field service in the 
gas distribution mains) was made up 
with yarn and lead caulking at the 
joint, using 6-in. cast-iron pipe. The 
lead caulking was very poorly placed 
to make certain that the joint would 
not hold any gas even at extremely 
low pressure, such as four or five 
ounces. The ends of the pipe were 
sealed by a -in. plate at each end, 
the plates being held in place by 
four %4-in. round staybolts. The 
ends were sealed perfectly tight with 
lead washers under the nuts at end 
of staybolts and lead gaskets be- 
tween the end plates and the pipe. 
An accompanying sketch shows the 
joint in section before the concrete 
was poured around it (See Fig. A). 

One end plate was tapped and connections (sealed with 
red lead) provided for an inlet into the pipe, a gauge, a shut- 
off valve, and a hose extension to the air pressure. Air pres- 
sure was turned on and it was found that the air was all leak- 
ing at the caulked joint in center only and that it would not 
hold any air under pressure, which was the condition desired 
at the joint. 


Around the pipe joint was wrapped a 4-in. annealed iron 
tube perforated with No. 40 drill holes at one inch on center, 
for a length equal to the circumference of the 6-in. cast-iron 
pipe. The %-in. annealed pipe was wrapped with hemp, for 
a length equivalent to the circumference of the 6-in. cast- 
iron pipe, to prevent cement from plugging up the holes and 
to provide a porous channel along the tube for soap to follow 
any leakage path. This annealed tube was forced in as close 
as possible to the lead caulking (with the holes facing the 
lead caulking). 


No attempt was made to clean the surface of the cast-iron 
pipe, other than brushing off any loose dirt or loose scale. The 
accumulation of rust adhering to the pipe was allowed to stay 
on the pipe. A form was placed around the cast-iron pipe in 
such a manner that the face of the bell was in the center of 
the form. This form, which had been made in two parts so 
that the cast-iron pipe could be placed between, was then 
bolted together by two straps on each side. The inside dimen- 
sions of the form were 18-in. x 18-in. x 18-in. 

The concrete mix design used was a 3000-lb. concrete at 
28 days with the use of Yosemite One-day Cement. It con- 
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sisted of a nominal mix of one part cement, 1.96 parts Niles 
top sand, 2.87 ports Y/,-in. to 14%4-in. well-graded gravel, and 
4 water-cement ratio of 0.79. This mix has a slump of from 
six to seven inches. 

The concrete was poured slowly to prevent air from col- 
lecting under the pipe and from one side of the pipe only, 
being tamped carefully and thoroughly to make sure that the 
concrete flowed uniformly under the entire length of pipe 
within the form. The pouring was continued from the same 
side until the pressure and the tamping had forced the con- 
crete at least halfway up on the opposite side of the pipe. 
Then concrete was poured and tamped on both sides of the 
cast-iron pipe. The entire concrete pour was made continu- 
ously. As soon as the concrete had its initial set, the top was 
covered with sacks and kept wet. After concrete had set, the 
forms were stripped off and the sides and top of the concrete 
block were covered with sacks, which were kept continuously 
wet until the end of the test. 

In order to find how gastight this joint might be before 
sealing it with soap, air pressure was turned on and sufficient 
air forced into the pipe to bring the pressure up to 4.6 ounces, 
which is approximately the lowest pressure used in the com- 
pany’s low-pressure gas distribution lines. The air leaked out 
so that the pressure dropped as follows: 


Pressure Time Intervals Total Time 
4.6 OZ. 

4.0 oz. 10 seconds 10 seconds 
3.0 oz. 20 seconds 30 seconds 
2.0 oz. 20 seconds 50 seconds 
1.0 oz. 45 seconds 1 min. 35 sec. 
0.0 oz. 110 seconds 3 min. 15 sec. 


Special soap was sliced up into very thin shavings, dissolved 
in hot water until a su- 
per-saturated soap so- 
lution was obtained 
and there were pieces 
of soap floating on the 
surface. This solution 
was boiled until it was 
clear throughout and \ 
then allowed to cool off 
over night. In the 
morning the soap 
emulsion formed had a 
hardened top layer 
about '%-in. thick PP 
having the consistency Z otee/ 2 
of photographic paste, 
but when this top layer 
was stirred vigorously 
with the main lower 
portion the entire soap emulsion assumed the consistency of 
a light grease or a semi-liquid soap. 

An Alemite fitting was connected to the upper end of the 
Y-in. annealed irgn tube extending around the caulked joint 
and up through the block of concrete around this joint. To 
this fitting was attached an Alemite grease gun, which was 
filled with the soap emulsion mentioned above. The soap emul- 
sion was packed tightly into the barrel of the grease gun and 
was forced through the flexible Alemite tube (to avoid possi- 
bility of air pockets) before the Alemite tube and fitting were 
connected. 

The soap emulsion was then forced through the perforated 
tube within the concrete until approximately one-half the 
soap emulsion in the barrel of the grease gun had been used 
up and the pressure (using the handle of the Alemite grease 
gun) was increased until it was approximately 350 Ib. per sq. 
in. on the soap emulsion within the perforated tube. 

Air pressure was then turned on in the cast-iron pipe to 
test for leakage or reduction of the leakage, after which the 
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method of testing 


pressure was raised to approximately eight ounces and left un- 
disturbed for an interval long enough to make certain there 
was no measurable leakage through the concrete surrounding 
the pipe; then the pressure was raised at varying intervals to 
3.0 Ib., 5.0 lb., 14.0 Ib., and 30 Ib. per sq. inch. This took 
about 18 days, during which period the pressure dropped 
from 30 lb. to 24.9 lb. per sq. inch. At the end of this period, 
one-half the soap contents contained in a full Alemite gun 
was forced into the concrete block and this raised the pres- 
sure to 25.5 lb. per sq. inch. 

The following questions were then brought up: What ef- 
fect would water have on the soap within the concrete block? 
Would water leach out the soap? In order to check up on 
this, the whole test specimen, cast-iron pipe and concrete en- 
closing the perforated tube, was placed in a wooden box and 
completely surrounded with water; at the same time a hose 
was turned on and water was kept running continuously into 
and out of the box to simulate water conditions in a soil satu- 
rated with moisture. Soap was forced into the tube up to 
“the point of refusal” and to the point when the soap came 
through the block. This moisture saturated condition was con- 
tinued for 59 days, with the pressure kept on continuously, 
and a careful record kept of the variation in pressure during 
this period. The pressure was constant at 25.5 lb. for one 
week and then dropped to 23.0 Ib. after an accidental col- 
lision that broke off one corner of the block. The pressure 
then fluctuated (because of temperature changes) between 
23.0 lb. and 22.2 lb. for the remaining 52 days. 


During this period of 52 days, when the concrete was ex- 
posed to the leaching action of a continuous stream of water 
and extreme temperature variation due to outside exposure, 
there was no evidence of any leakage whatsover. 

The concrete block 
was broken open to see 
what had happened to 
the soap and it was 
found that the soap 
had been forced along 
| the surface of the pipe 
| to the points at which 


. 
Fru bber Hose 
to Compressed | | 
Air Supply | 


Lead Gaster, leakage had occurred 


| 

|| prior to the introduc- 
tion of the soap emul- 
sion. This test proved 
conclusively that the 
soap emulsion forced 
through the tube had 
closed up all leakage 
after the soap emulsion 
had been forced to the 
former leakage chan- 
nels. To make certain that natural gas is not injurious to soap, 


a soap and cement mixture was subjected to both natural gas 
and air under pressure and the evidence of this test leads to 
the conclusion that the natural gas does not affect the re- 
action of the soap with the cement. These reactions result in 
the formation of insoluble salts regardless of whether natural 
gas or air is present. 

A number of additional tests were made further to ob- 
serve the sealing action of different types of saponifying ma- 
terials, details of which are too lengthy to embody in this 
article. 

The conclusions set up in the report are, in brief, to the 
effect that the Antileke pipe joint has proved consistently sat- 
isfactory in the sealing of leakage; it has caused no practical 
difficulties in operation; it has been readily approved by the 
men in the field, because of the simplicity of the method, and 
it has provided an efficient method of stopping leaks. 
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Regulation 


of 


MEDIUM 
PRESSURES 


HE growing demand 

for sensitive regula- 
tion of medium gas pres- 
sures is met in a new ad- 
dition to the C-F line of 
regulators. Patterned after 
the well known Fulton 
Duplex Low Pressure 
Regulator, it employs a 
compound leverage with 
facilities for delicate 
weight distribution. The 
result is great sensitiveness 
and positiveness of action. 
This new regulator is 
adapted for inlet pressures 
of 50 to 100 pounds and 
outlet pressures of 5 to 10 
pounds. It may be equipped with “V-port” valves for opera- 
tion under light loads and will still allow full passage of gas 
at peak loads. Full description on request. 


The Chaplin-Fulton Mfg. Company 


28-40 Penn Ave. Pittsburgh, Pa. 


FULTON DUPLEX 
MEDIUM PRESSURE REGULATOR 

















HROUGH- 

OUT the whole 
famous line of Harrisburg 
oil field products you'll 
not find a weld. At every 
point of strain or concen- 









trated wear Harrisburg 
products offer the strength 
of a thick, solid, seamless 
wall. Harrisburg makes 
couplings, pump liners, 
tool joint forgings, bull 
plugs, and drop-forged 
flanges. They stand the gaff. 


Sales Agents: Ww. r. raul 
Co., Phila.; W. R. McDon- 


ough Co., Cleveland; S. C.” 


Mead, Chicago; Mid-Con- 
tinent Supply Co., Fort 
Worth; Ducommun Corp., 
Los Angeles; Corbett 
Corp., Houston, Texas. 


HARRISBURG PIPE & PIPE BENDING CO., Harrisburg, Pa. 
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Death of H. C. Brewster 


Harry C. Brewster, 65, president and founder of the 
Brewster Company, Inc., of Shreveport, La., (formerly the 
Oil City Iron Works) manufacturers of oil field equipment, 
died suddenly from a heart attack at his home on March 23, 

Mr. Brewster, while suffering from high blood pressure for 
some time, had been enjoying good health otherwise. 

In addition to the Brewster Company, he was president of 
the Ricou-Brewster Company, owners of a down-town 
Shreveport office building, and was owner and operator of 
the Jefferson Hotel of Shreveport. 

Mr. Brewster had resided at Shreveport since 1900, moy- 
ing there from New Orleans. He leaves his wife, two daugh- 
ters and three grandchildren, all residing in Shreveport. 





Neilan Company Opens New Office in 
Philadelphia 


The Neilan Company, Ltd., division of Mason Regulator 
Company, manufacturers of automatic regulating and con- 
trol equipment, announces the opening of a new office in 
Philadelphia, to be located at 930 North Front Street. M. N. 
Aitken has been transferred from the Neilan Chicago office 
and will be in charge of Neilan sales in Philadelphia. Mr. 
Aitken has been connected with the sale of Neilan equipment 
for several years and is well known throughout the oil and 
gas industries. For the past year he has specialized on gas 
control problems, during which time he has made two com- 
plete circuits of the gas industry throughout the United 
States. 





Walter E. Lummus Dies 


Walter E. Lummus died at his home in Montclair, N. J., 
on March 31st. Mr. Lummus was born at Lynn, Mass., No- 
vember 30th, 1867, and was the founder of the Walter E. 
Lummus Company, well known in the chemical and petro- 
leum industries as engineers and builders of distillation plants. 
Mr. Lummus was a pioneer in the design and development of 
modern distillation equipment in th:s country. His first work 
in this field was in connection with the wood chemical indus- 
try in 1897, in improved distilling apparatus for refining 
methyl alcohol. The following years saw a rapid extension 
of his engineering designs and equipment to other branches 
of the chemical industry and the establishment of a world- 
wide reputation which led to important installations in other 
countries. He was one of the first to apply modern distillation 
methods to the petroleum industry. 

Mr. Lummus retained an active connection with The 
Lummus Company until the day of his death. His passing 
will be felt as a direct personal loss to his associates and many 
friends. 


Globe to Install Knowles Coke Ovens 

The Brassert-Tidewater Development Corporation, Chi- 
cago, Ill., has licensed the Globe Oil & Refining Company for 
a battery of Knowles coke ovens, complete with pusher, coke 
quenching car and coke handling equipment for erection at 
its Lemond, IIl., refinery. 

These ovens will operate on heavy residuum from their 
Winkler-Koch cracking units. The new Knowles oven instal- 
lation will permit the operation of the present equipment so 
as to obtain the maximum yield of high-octane gasoline with- 
out the usual residuum difficulties as the residuum produced, 
regardless of gravity or carbon content, will be converted 
principally into a low volatile content coke of high commer- 
cial value and an overhead gas oil which will be marketed as 
low cold test gas oil, or recycled for further cracking. 

H. A. Brassert & Company, Chicago, Ill., has received the 
contract for the construction of this plant. 
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PETROLEUM AND Its Propucts, by William A. Gruse, 
Mellon Institute of Industrial Research, has been published 
by the McGraw-Hill Book Company, New York, N. Y. This 
book is a chemical discussion of the composition, distillation, 
refining and utilization of petroleum. The book proceeds from 
a detailed description of the important types of petroleum to 
a critical comparison of the various methods of refining and 
distilling and the processes of cracking. It includes a thor- 
ough discussion of all petroleum products and by-products. 
All of the material is presented from the standpoint of the 
petroleum industry in America. The price of the book is $4.50. 


ANNUAL Gas AssociaTION Boox—The latest edition of 
the American Gas Association Proceedings, covering the an- 
nual convention held in Atlantic City last October, is now 
ready for distribution. It is a compact volume of over 1000 
pages, and presents an accurate picture of the progress of 
the industry during 1932. The book is replete with illustra- 
tions, charts, statistics and tables representing a vast amount 
of intensive work brought together in a carefully edited and 
effectively printed book. 

Copies are available at the offices of the American Gas As- 
sociation, 420 Lexington Avenue, New York City. The cost 
is $3.00 to members and $7.00 to non-members. 


DESIGNING FOR Arc WELDING is the title of a book con- 
taining prize-winning papers submitted in the $17,500 Second 
Lincoln Prize Competition. The published papers are those 
judged the best from some 400 submitted in the contest and 
include the work of foremost engineers in the United States 
and abroad. The book is comprised of 450 pages, divided into 
five sections, as follows: Part I—Machinery; II—Shipbuild- 
ing; 11I—Buildings-Bridges; IV—Large Containers, and V— 
Piping and Fittings. In each section the fundamentals of de- 
sign are so explained as to make them applicable to other in- 
dustries. The book is bound in cloth-covered boards and is 
published by The Lincoln Electric Company, Cleveland, Ohio. 
It is sold for $2.50. 


EartH Ot has been written by Dr. Gustav Egloff of the 
Universal Oil Products Company, Chicago, IIl., in response 
to an invitation from the officials of “A Century of Prog- 
ress.” It is to form one volume of a popular scientific series 
being sponsored by the Progress Show. The book is written for 
the layman in a clear, concise manner and tells the complete 
story of oil, including its history and development, progress 
in methods of drilling, refining, producing and transporting, 
as well as advancements in equipment used by the industry. 
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CHAIN TONGS 





ARMST 


Lo 


> Five Important Features 


1. Chains of proven strength ... each proof tested to 
two-thirds catalog strength (3,600 to 40,000 pounds). 
2. Jaws drop forged from special steel, heat treated, 
hardened, tempered and tested for wearing qualities. 
3. Drop forged, alloy steel shackle. 4. Large hardened steel bolt. 
5. Handles forged from special steel that gives both stiffness and ‘‘spring. 


Jaws have forged-in lugs that serve as guides and prevent chains from 


jamming. 
Write for ARMSTRONG BROS. TOOL CO. 
Catalog **The Tool Holder People’ 
P-10 331 N. Francisco Ave. CHICAGO, U.S.A. 








[UFKIN TAPES 
“Atlas” 


The World’s Best Gauging 
Tape 


‘““Challenge’’ 


| for Engineering, Strapping and 
General Measuring 
Send for Catalog covering 
complete line 


THE [UFKIN fpULE (0. SAGINAW. MICH. 
106 Lafayette St., New York City 























THIS WEWOKA FIRE 


was just one in a long series of major oil and gas well 

fires extinguished by the M. M. Kinley Company. 

This company has never had a failure.” 
"Experience Always Pays” 


M. M. KINLEY COMPANY 
Tulsa, Oklahoma 








Extinguishing W ell Fires—Capping Wild Wells 
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EC&M Type “A” 
SAFETY SWITCHES 


A Heavy Duty Switch of Com pact Desi gn 
and Handsome A ppearance 









Quick Make 


oe 


Quick Break 


Small and Narrow 


Fuse Door 
Swings 
Vertically 


60 Amp., 3 Pole, 230 Volt 
Fusible Switch only 


9” wide by 
171/,” long by 
4” deep 


Look at the sturdy, liberal construction . . . V-Blades, 
V-Stationary-Contacts with Steel Back-up Springs, guar- 
anteeing full contact under heavy pressure . . . Individual 
Barriers of Arc-Resisting Asbestos . . . Case-hardened 
Steel Actuating Parts .. . all mounted on a SINGLE 
BASE which can be easily removed as a unit, when de- 
sired, by taking out only four screws. 


MAIL THIS COUPON TODAY 


SSSSSSSSSSSSSSSSSSSSSSSSSSSESSSeeSSeeeeeesesseeeseeewsee 


THE ELECTRIC CONTROLLER & MFG. CO. 
2700 East 79th St., Cleveland, Ohio. P.E.4-33 


Gentlemen: 
Please send me your complete information on 
EC &M Type “A” Safety Switches. 


Name.......... a ee ee eee 
Address...... ; 
ree eee 
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